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" "  " ' ' ' ' A b s tra c t ' ' -
S e v e ra l n y lo n -tu b e  im m obilised  o a ta la s e  d e r iv a t iv e s  were
p rep a red . The method o f p re p a ra t io n  of n y lo n -tu b e  fo r
\enzyme attao lim ent was v a r ie d  in  an a ttem p t to  o b ta in  th e  
most a c t iv e  im m obilised  c a ta la s e  d e r iv a t iv e .
The s t a b i l i t y  o f  n y lo n -tu b e  im m obilised  c a ta la s e  d e r iv a t iv e s  
d u rin g  c o n s ta n t p e r fu s io n  w ith  liydrogen p e ro x id e  was examined 
in  an a ttem p t to  p re p a re  th e  most s ta b le  im m obilised  enz^^Tne,
The p e ro x id a tic  a c t i v i t y  a s s o c ia te d  w ith  n y lo n -tu b e  im m obilised  
c a ta la s e  d e r iv a t iv e s  was in v e s t ig a te d .  The e f f e c t  o f th e  
ch em istry  o f im m o b ilis a tio n , th e  le n g th  and d ia m e te r  o f th e  
n y lo n -tu b e , end m ethanol c o n c e n tra tio n  on th e  p e ro x id a t ic  : 
c a t a l a t i c  a c t i v i t y  r a t i o  d is p la y e d  by th e  im m obilised  c a ta la s e  
d e r iv a t iv e s ,
The a p p l ic a t io n s  o f n y lo n -tu b e  im m obilised  c a ta la s e  d e r iv a t iv e s  
in  autom ated a n a ly s is  was c o n s id e re d . G lucose was determ ined  
by fo u r  d i f f e r e n t  a ssa y  p ro to c o ls ,  in v o lv in g  1 ) n y lo n - tu b e ,c o -  
im m obilised  g lu c o se  o x id ase  and c a ta la s e  ; 2 ) n y lo n -tu b e
im m obilised  d e r iv a t iv e s  o f g lu co se  ox idase  and c a ta la s e  in  
s e r ie s  ; 3 ) n y lo n -tu b e  im m obilised  d e r iv a t iv e s  o f  g lu co se
o x id ase , c a t a la s e ,  and aldehyde dehydrogenase in  s e r i e s  ;
4) n y lo n -tu b e  co -im m o b ilised  g lu co se  -oxidase and c a ta la s e  in  
0 o n ju n c tio n  w ith  an oxygen e le c t r o d e .





a ) H antzsch r e a c t io n  ; b) Aldehyde dehydrogenase ; and 
c ) flo w -th ro u g h  oxygen e le c t r o d e .  *
6 , The fo u r  a n a ly t i c a l  system s wore c a l ib r a t e d  w ith  aqueous 
g lu co se  s ta n d a rd s  and th o  assay  s e n s i t i v i t y  and im m obilised  
enzyme s t a b i l i t y  d e te rm in ed .
7 , Comparisons w ere drawn betw een th e  fo u r  methods f o r  g lu co se  
d e te rm in a tio n  u s in g  n y lo n -tu b e  im m obilised  enzymes.
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A = D ie th y l ad ip im id a te
AH = A dip ic  a c id  d ih y d raz id e
a lk  = A lk y la ted
ATP = A denosine tr ip h o sp h a te
Az = A z id e -a c tiv a te d
DAE = 1,2-D iam inoethane
DMS = D im ethyl su lp h a te
E = E thanolam ine
G- = G lu ta ra ld eh y d e
HMDA = 1 , 6-Diajninohexane
Lys = D-Dysine
NAD = N ico tinam ide adenine d in u c le o tid e
1Nt = 1 mm bore  n y lo n -tu b e  a lk y la te d  u s in g  t r i e t h y l oxonium
te t r a f lu o r o b o r a te  
2Nt = 2 mm bore n y lo n -tu b e  a lk y la te d  u s in g  t r i e t h y l oxonium
te tr a f lu o r o b o r a te  
SH = S u cc in ic  a c id  d ih y d raz id e
TOTPB -  T r i e th y loxonium te t r a f lu o r o b o r a te












A s a t i s f a c to r y  way to  d e f in e  im m obilised enzymes i s  in  term s 
of t h e i r .o p e r a t io n a l  c h a r a c t e r i s t i c s .  Thus im m o b ilised . enzymes can 
be co n s id e re d  as enzymes th a t  have been m odified  in  such  a  way th a t  
th e  enzyme p ro te in  i s  in  a  phase s e p a ra te  to  th a t  o f bo th  th e  sub­
s t r a t e s  and p ro d u c ts  and hence can e a s i ly  be reco v e red  from th e  
r e a c t io n  m ix tu re .
Enzyme im m o b ilisa tio n  can be perfo rm ed ,by  a  v a r i e ty  o f methods 
inc lud ing- a d so rp tio n  o f th e  enzyme onto  an in s o lu b le  m a te r ia l  ; 
o c c lu s io n  w ith in  a  g e l -m a tr ix  ; m ic ro en cap su la tio n  w ith in  a  sem i- 
perm eable m icrocapsu le  ; o r co v a le n t a ttachm en t to  an in s o lu b le  
s u p p o r t.  Thus in  th e  p a s t tw enty  y e a rs  over s ix ty  enzymes have been 
im m obilised  onto one o r more of f o r ty  d i f f e r e n t  su p p o rt s t r u c tu r e s  
u s in g  th e  above methods ,(1) .
A rguably th e  s im p le s t  method f o r  p re p a rin g  im m obilised  enzymes 
in v o lv e s  th e  a d s o rp tio n  o f th e  enzyme onto  th e  s u r fa c e  o f a  s u i ta b le  
s u p p o r t.  This can be ach iev ed  by in c u b a tin g  th e  enzyme w ith  th e  
su p p o r t,  whereupon e i t h e r  hydrophobic o r io n ic  bonding  w i l l  o ccu r, ■' 
depending  upon th e  n a tu re  o f  th e  su p p o r t.  However as t h i s  p rocess 
i s  o f a p h ysica l n a tu re  th e  p o s s i b i l i t y  o f enzyme detachm ent e x i s t s ,
F o r example, an im m obilised  enzyme of t h i s  ty p e  may be s u s c e p t ib le  to  
p r o te in  lo s s e s  due to  such v a r ia t io n  in  r e a c t io n  c o n d itio n s  as pH, 
io n ic  s t r e n g th  and te m p e ra tu re .
In  many ways g e l in c lu s io n  o f th e  enzyme i s  a  more s a t i s f a c to r y  
p ro ced u re  f o r  th e  p re p a ra t io n  o f im m obilised  enzymes. In  th is  method 
th e  enzyme i s  in c u b a ted  w ith  a  gel-monomer (ao ry lam ide  i s  o f te n  u sed ) 
and a  m a tr ix  i s  formed by c r o s s - l in k in g  o f th e  monomers. By v a r i a t io n  
o f th e  e x te n t o f c r o s s - lin k in g , i t  i s  p o s s ib le  to  p ro v id e  a  m a tr ix  in  ' 
w hich th e  pore s iz e  i s  to o  sm all to  a llow  th e  enzyme to  escape , bu t 
la rg e  enough f o r  th e  s u b s t r a te  to  g a in  access  to  th e  enzyme and p ro d u c ts
" l i '







to  escape from th e  m a tr ix . Hovæver in  some cases  th e  m echanical 
s t a b i l i t y  o f th e  g e l m a tr ix  i s  l im i te d .  As any d eter io ra tio n  of th e  
m a tr ix  r e s u l t s  in  enzyme le ak ag e , c a re  has to  be e x e rc is e d  in  th e  
h a n d lin g  o f such im m obilised  enzymes. Leakage o f enzyme can a ls o  
be caused  by th e  breakdown o f m a tr ix  over a p ro longed p e r io d  o f 
u se  ( t o ) .
P o ss ib ly  th e  b e s t  method f o r  im m ob ilis ing  enzymes i s  to  a t ta c h  
th e  enzyme to  a  s u ita b le  su p p o rt th ro u g h  co v a len t bonds. This pro­
ced u re  can be e ffe c te d  in  s e v e ra l  ways (1 ,3 ,4 )*  In  g e n e ra l,  th e  
enzyme can be im m obilised  v ia  an a c t iv e  group p re se n t on th e  s u p p o r t.  
This can be ach ieved  by e i th e r  th e  a c t iv a t io n  of a  p re v io u s ly  in e r t  
su p p o rt ( 4 ) or th e  s y n th e s is  o f a  su p p o rt in c o rp o ra tin g  th e  n e c e ssa ry  
groups re q u ire d  fo r  enzyme a ttachm en t (7 1 ) .  In  e ith e r  c ase , th e  
enzyme can be a t ta c h e d  d i r e c t l y  to  th e  su p p o rt or th ro u g h  c ro s s -  
l in k in g  re a g e n ts  such  as g lu ta ra ld e h y d e  o r b is - im id a te s . Enzymes 
im m obilised  in  t h i s  manner are, g en era lly  i r r e v e r s i b ly  bound to  th e  
su p p o rt and th erefo re  l i t t l e  t ro u b le  i s  experienced  w ith  detachm ent 
o f th e  enzyme. However, p ro te in  lo s s e s  have been re p o r te d  from 
enzymes im m obilised  in  t h i s  way, and t h i s  has been ex p la in ed  by 
lo s s e s  in  s t r u c t u r a l  i n t e g r i t y  o f th e  su p p o rt m a te r ia l  r a th e r  than  
ru p tu re  o f co v a len t bonds ( l 2 ) .
The s p e c i f i c i t y  and speed o f enzymic co nvers ions  has ensured  
a great p o te n t ia l  fo r  th e s e  c a t a ly s t s  in  bo th  in d u s t r i a l  and a n a ly t ic a l  
a p p l ic a t io n s .  A lready  enzymes a re  b e in g  used  on a f a i r l y  la rg e  s c a le  
in  both f i e l d s  a t  th e  p re s e n t tim e . For example, p ro te a se s  a re  used  
in  th e  m anufacture o f some d a iry  and food p roducts  ; g lu co se  ox idase  
and c a ta la s e  in  th e  rem oval o f g lu co se  .from food p ro d u c ts  5’ and l ip a s e s  
in  th e  re n d e rin g  o f some f a t s .  For s e v e ra l  re a so n s , however, th e  f u l l  













u se  o f many enzymes in  la rg e  s c a le  p re p a ra t iv e  p rocedu res a.s th e  
s o lu b le  enzyme can on ly  be used  once, reco v e ry  p rocedu res be ing  
f a r  too  com plica ted  and c o s t ly  to  be p r a c t ic a b le .  This i n a b i l i t y  
to  re c o v e r s o lu b le  enzyme a ls o  means th a t  th e  p roduct i s  con tam ina ted  
w ith  ex traneous p ro te in  -  in  a l l  l ik e ly h o o d  from a non-mammalian, 
so u rce  -  and th e re fo re  problem s can a r i s e  due to  s ta n d a rd  h e a l th  
and s a f e ty  r e g u la t io n s .
The u se  o f im m obilised  enzymes s u c c e s s fu l ly  overcome th e se  
problem s as reco v e ry  o f th e  enzyme i s  p o s s ib le  by sim p le  and q u ick  
means such  as f i l t r a t i o n  or  c e n t r i f u g a t io n .  In s o lu b le  p ro te a se s  
a re  used  in  th e  m anufactu re  o f foods and b ev erag es, and have been 
re p o r te d  as s a t i s f a c to r y  m ilk -c u rd lin g  ag en ts  ( 5 ) .  Im m obilised 
L-amino a c id  a c y la s es a re  in  u se  in  th e  la rg e - s c a le  r e s o lu t io n  o f 
D- and L~ amino a c id s  w h ile  im m obilised  p e n i c i l l i n  am idases have 
been u sed  in  th e  p ro d u c tio n  o f 6-amino p e n i c i l l i n i c  a c id  ( b ) .
In  a  f i e l d  of a n a ly s is  enzymes a re  a ls o  becoming f a r  more 
w id e ly  u se d . T h e ir  s u b s t r a te  s p e c i f i c i t y  makes them id e a l  ca n d id a te s  
fo r  th e  m o n ito rin g  o f compounds such as g lu co se , u re a ,  u r i c  a c id ,  
c h o le s te r o l  and many o th e r  b io lo g ic a l ly  s ig n i f i c a n t  compounds 
o c c u rr in g  in  serum or u r in e .  The u se  o f more co n v e n tio n a l methods 
however i s  s t i l l  w idesp read  owing to  t h e i r  low o p e ra tin g  c o s t .  These 
p ro ced u res  a re  g e n e ra l ly  based  upon i n t r i n s i c  chem ical p ro p e r t ie s  
a s s o c ia te d  w ith  th e  su b s tan ce  under a s s a y . For example, th e  m a jo r ity  
o f g lu c o se  d e te rm in a tio n s  perform ed in  a n a ly t ic a l  la b o ra to r ie s  
u t i l i s e  th e  red u c in g  p ro p e r t ie s  o f g lu c o se . In  a lk a l in e  c o n d itio n s  
g lu co se  w i l l  reduce  c u p r ic  io n s  to  cuprous ions w ith  th e  fo rm atio n  
o f cuprous o x id e . This can be d e te c te d  by i t s  r e a c t io n  w ith  nteocuproine r'Lv 
(2 ,9 -d im e th y l-1 , 10~ phenan th ro line  h y d ro c h lo r id e ) . In  t h i s  p ro ced u re , 
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h ig h e r  v a lu es  than  when compared w ith  enzymic assays ( 9 ) .  In  
many cases  t h i s  i s  due to  th e  p resen ce  o f i n t e r f e r in g  su b stan ces  
in  th e  sample which a f f e c t  th e  chem ical r e a c t io n .  Enzymic a s sa y s , 
w h ile  n o t always co m p le te ly  s p e c i f i c  ten d  to  produce more r e l i a b l e  
r e s u l t s .
The enzymic d e te rm in a tio n  o f g lu co se  le v e ls  in  b io lo g ic a l  
f lu id s  has been proposed  ( 7 ,8 ) .  These methods u se  s o lu b le  enzymes, 
f o r  exam ple, in  s ta n d a rd  Teahnicon a u to a n a ly t ic a l  sy stem s. W hile 
' r e l a t i v e l y  crude and cheap p re p a ra t io n s  of th e se  enzymes a re  
employed, improvements cou ld  be made by in c re a s in g  th e  c o s t -  
e f f e c t iv e n e s s  and s im p l ic i ty  o f th e  sy stem s. The c o s t  of s e v e ra l  
o th e r  enzymes im p o rtan t in  c l i n i c a l  a n a ly s is  ( f o r  example u r a te  
o x id ase  and c h o le s te ro l  o x id a se ) p ro h ib i t  t h e i r  u se  in  a  s o lu b le  form 
in  con tinuous flow  a n a ly s is .  B efore th e se  system s can be used  fo r  
com prehensive sc re e n in g  of la rg e  q u a n t i t i e s  of sam ples th e  im m obili­
s a t io n  o f th e se  enzymes i s  a  n e c c e s s i ty ,  ,
The p o te n t ia l  o f some im m obilised  enzymes in  c l i n i c a l  a n a ly s is  
has .been in v e s t ig a te d  p re v io u s ly . , For example, G u ilb a u lt has used  
im m obilised  enzymes in  th e  form o f enzyme e le c tro d e s  f o r  th e  
d e te rm in a tio n  o f b lood c o n s t i tu e n ts  such as g lucose  and u re a  ( 72 , 73) .  
H icks and Updike have employed im m obilised  g lu co se  o x id ase  in  th e  
form o f a  packed-bod r e a c to r  f o r  th e  d e te rm in a tio n  o f g lu co se  in  th e  
s o - c a l l e d  "Reagentleso" assay  (7 4 ) . Hornby e t  a l . have im m obilised  
enzymes on th e  in s id e  s u r fa c e  of ny lon  and p o ly s ty re n e  tu b es  in  o rd e r 
to  de term ine  such m e ta b o lite s  as g lu c o se , u re a  and e th an o l ( 4 , 39~4 l)«
The u se  of im m obilised  enzymes in  c l i n i c a l  a n a ly s is  has r e c e n t ly  been 
rev iew ed ( 75) .  , •
F or autom ated a n a ly t i c a l  p rocedures in  co n tinuous flow  system s, 
i t  i s  im p e ra tiv e  to  be a b le  to  in c o rp o ra te  im m obilised  enzyme in to  an 
autom ated system  cap ab le  o f perfo rm ing  a  la rg e  number o f  assays p e r h o u r.
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For t h i s  re a so n , many o f  th e  s ta n d a rd  su p p o rts  employed f o r  
im m obilisation  are com plete ly  in a p p lic a b le  fo r  th is  type o f  u sage.
The need  to  p rev en t c ro s s -c o n ta m in a tio n  o f sam ples in  a f lo w - lin e ,  
p o s s ib ly  c o n ta in in g  up to  f i f t e e n  sam ples under a ssay , re q u ire s  a ir -  
seg m en ta tio n  of th e  l i q u id  th ro u g h o u t th e  system . S upp o rts  such as 
membranes, g e ls ,  and packed-bed r e a c to r s  a re  n o t s u i ta b le  f o r  u se  
in  e x is t in g  sy stem s. The tu b u la r-sh a p e d  su p p o rt i s  i d e a l ly  s u i te d  fo r  
such  a  system  as i t s  s t r u c t u r a l  co m p a tib ility  allow s th e  f r e e  passage 
o f air-segm ented r e a g e n ts ,  and m a in ta in s  d is c r e te  sam ples. Enzymes 
have been im m obilised  p re v io u s ly  upon g la s s  and n y lo n -tu b e s  ( 4 , 6 ) .
The f e a s a b i l i t y  of u sin g  n y lo n -tu b e  and p olystyren e-tu b e im m obilised  
enzymes f o r  ro u tin e  c l i n i c a l  a n a ly s is  has been re p o r te d  p re v io u s ly  ( I 0 , 1l ) .
■ Therefore when c o n s id e r in g  p o s s ib le  a p p l ic a t io n s  o f im m obilised  
enzyme d e r iv a t iv e s ,  th e  ch o ice  o f the ty p e  of su p p o rt and i t s  morph­
o logy  are of g re a t  im portance. As p re v io u s ly  m entioned, enzymes have 
been im m obilised  to  over f o r ty  d i f f e r e n t  support s tr u c tu r e s . The 
p r o p e r t ie s  o f enzymes im m obilised  to  th e se d if fe re n t  su p p o rts  o ften  
v a ry  w ith  th e  s t r u c tu r e  o f th e  su p p o rt m ateria l. F or exam ple, i t  
has been su g g ested  th a t enzymes im m obilised  to  n a tu r a l ly  o c c u rrin g  
polym ers such as S epharose  and c e l lu lo s e  ten d  to  d is p la y  a  decreased  
storage  l i f e  and in c re a s e d  s e n s i t i v i t y  to  therm al dénaturation  ( l 2 ) ,  
w hereas enzymes im m obilised  to  sy n th e tic  polymers such  as nylon and 
g la s s ,  a re  more r e s i s t a n t  to  b a c t e r i a l  contam ination b u t may d is p la y  
reduced  a c t i v i t y .  In  g e n e r a l , . r e p o r t s  in d ic a te  th a t im m obilised  »
enzyme d is p la y  more s t a b i l i t y  th a n  th e  co rresp o n d in g  enzyme in  a  •
s o lu b le  form (3 ,1 3 ) .
The p h y s ic a l n a tu re  o f th e  su p p o rt m a te r ia l  a ls o  i s  o f im portance . 
T ubu lar su p p o rts , a lth o u g h  s u i te d  fo r  c l i n i c a l  a n a ly s is  a re  p robab ly  
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p er pass would, be too  s m a ll .  • Im m o b ilisa tio n  o f enzymes onto powders 
w ith  t h e i r  employment in  e i th e r  packed-bed r e a c to r s  o r s l u r r i e s  
produces f a r  g r e a te r  enzymic a c t i v i t y  owing to  th e  v a s t ly  in c re a s e d  
su r fa c e  a re a  o f th e  su p p o r t, and co n seq u en tly  th e se  su p p o rts  a re  
fav o u red  in  in d u s t r i a l  p ro c e s s e s . For example, W arburton e t  a l .  
have u sed  im m obilised  p e n i c i l l i n  am idase in  a  con tinuous fe e d  s t i r r e d  
ta n k  r e a c to r  to  co n v ert b e n z y lp e n ic i l l in  to  6-amino p e n i c i l l i n i c  
a c id  ( 14) .
The ch em is try  o f a ttach m en t o f th e  enzyme can a ls o  a f f e c t  th e  
s u i t a b i l i t y  o f th e  im m obilised  d e r iv a t iv e  to  perform  a s p e c i f ic  
fu n c t io n .  For exam ple, th e  in trod u ction  o f charge onto  th e  su p p o rt 
m a te r ia l  can a f f e c t  n o n - s p e c if ic  a d so rp tio n  o f s u b s t r a te s  o r p ro d u c ts  
on to  th e su p p o rt ( I5)*  T his i s  e s p e c ia l ly  im p o rtan t when c o n s id e r in g  
.the  r o le  o f im m obilised  enzymes in  c l i n i c a l  a n a ly s i s .  Such a d so rp tio n  
can s e v e re ly  l im i t  th e  r a t e  a t  which sam ples can be an a ly se d  owing to  
c ro s s -c o n ta m in a tio n  o f th e  sam ples. I t  can a lso  a f f e c t  th e  pH optimum , 
o f the d e r iv a t iv e  by the fo rm atio n  o f an a r t i f i c i a l  m icro-environm ent 
diie to  th e  p a r t i t i o n in g  of hydrogen io n s  by th e  su p p o rt ( 9 ) .
Thus c a r e fu l  c o n s id e ra t io n  o f a l l  th e  p ro p e r t ie s  o f th e  su p p o rt 
m ateria l i s  n e c e ssa ry  in  th e  fo rm u la tio n  of an im m obilised  enzyme 
d e r iv a t iv e  f o r  a s p e c i f i c  pu rpose .
By v i r t u e  of i t s  c a t a l a t i c  and p e ro x id a tic  a c t i v i t i e s  c a ta la s e  
i s  one enzyme th a t  has g re a t  p o te n t ia l  in  an im m obilised  form in  b o th  
i n d u s t r i a l  and d ia g n o s t ic  f i e l d s .  I t s  conv ers io n  o f hydrogen p e ro x id e  
to  oxygen and w ater w ithout th e  n e c c e s s i ty  o f th e  a d d i t io n  o f a, 
f u r th e r  su b stra te , makes i t  o f g re a t  im portance in  th e  rem oval o f ' 
hydrogen p e ro x id e  from f o o d - s tu f f s  a f t e r  s t e r i l i s a t i o n .  The u se  o f th e  
s o lu b le  enzyme fo r  t h i s  purpose i s  n o t always s u i t a b le  due to  th e  









can be o b v ia ted  by th e  u se  o f an im m obilised  c a ta la s e  d e r iv a t iv e .
However, p rev io u s  d e r iv a t iv e s  u s in g  such  su p p o rts  as c h e e se -c lo th , 
g la s s ,  k ie s lg u h r  and s i l i c a  alum ina p a r t i c l e s  have been found to  be 
r a p id ly  .d e a c tiv a te d  by hydrogen p e ro x id e  ( l6 - 2 0 ) .  T h ere fo re  th e  
la c k  o f s t a b i l i t y  of th e se  d e r iv a t iv e s  has been a  d isad v an tag e  
when c o n s id e r in g  t h e i r  a p p l ic a t io n s  in  th e  rem oval o f hydrogen 
p e ro x id e ,
O a ta la se  has a ls o  been used  in  c l i n i c a l  a n a ly t ic a l  system s.
The e s tim a tio n  o f serum g lu co se  le v e ls  has been perform ed u s in g  
g lu c o se  ox idase  and c a ta la s e  im m obilised  upon b o th  c o n t ro l le d  pore 
g la s s  beads and p o ly ac rlam id e  m a tr ic e s  (2 1 ,2 2 ) .  In  th e s e  sy stem s, 
c a ta la s e  a c ts  c a t a l a t i o a l l y  th u s  p re v e n tin g  a n a ly t ic a l  e r ro r s  
a r i s i n g  from th e  p resen ce  o f endogenous n a t a la s a  in ..th e  sam p le .^ C a ta la se  
has a ls o  been used  in  a more fundam ental r o le  in  c l i n i c a l  a n a ly s i s ,  •
The p e ro x id a tic  " s id e - r e a c t io n ” o f th e  enzyme i s  cap ab le  o f con­
v e r t i n g  m ethanol, e th a n o l, and p ropano l (b u t no t b u ta n o l n o r any 
o th e r  ascen d in g  member o f th e  homologous s e r ie s )  in to  th e  co rresp o n d in g  
a ldehydes  (2 3 ) ,  The determ ina/bion o f u r i c  a c id  in  serum and u r in e  has 
been perform ed u s in g  s o lu b le  u r a te  ox id ase  and c a ta la s e  ( 24) ,  The 
hydrogen p e ro x id e  form ed by th e  u r a te  ox idase  i s  u sed  in  th e  perox­
i d a t i c  co n v ers io n  o f m ethanol to  form aldehyde by c a t a la s e .  This 
l a t t e r  re a g e n t i s  m on ito red  by means o f th e  H antzsch r e a c t io n  ( 25) .
In  th e o ry  t h i s  a ssay  p ro to c o l ,  in v o lv in g  th e  p e ro x id a tic  a c t i v i t y  o f 
c a t a la s e ,  can be a p p lie d  to  any ox id ase  th a t  i s  c ap ab le  o f p roducing  
hydrogen p e ro x id e .
The so lu b le  enzyme has been found to  r e a c t  w ith  hydrogen p e ro x id e  
in  a v a r i e ty  o f  w ays, The o a t a ly t i o a l l y  a c t iv e  complex o f c a ta la s e  
and hydrogen p e ro x id e  (commonly term ed Compound 1) can r e a c t  w ith  e i t h e r  
a n o th e r  hydrogen p e ro x id e  m olecule to  form oxygen and w a te r o r w ith  an #
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a lc o h o l to  form th e  co rresp o n d in g  aldehyde and w ater. T his l a t t e r  
r e a c t io n  i s  an example o f th e  p e ro x id a t ic  a c t i v i t y  o f c a ta la s e .  
However, i t  i s  a lso  known th a t  in  th e  p resen ce  o f hydrogen p ero x id e , 
and in  th e  absence o f any a l t e r n a t iv e  hydrogen donors, o a ta la se  can 
a ls o  form complexes which a re  c a t a l a t i o a l l y  in a c t iv e .  These a re  
term ed Compounds 2 and 3 * W hereas Compound 3 i s  though t to  be 
co m p le te ly  in a c t iv e ,  compounds such as phenols and sodium n i t r i t e  
a re  capable of red u c in g  Compound 2 to  f r e e  c a ta la s e ,  by engaging in  
a s in g le  e le c tro n  r e a c t io n  ( 54 )* The re a c t io n s  o f c a t a la s e  w ith  
hydrogen p erox ide  and a lc o h o ls  a re  shown in  P ig  A,
k.
Cat (OH). + HgOg —
Cat (OH)^ OOH 4- HgOg
±  Oat ( 0 5 ) 2 -  OOH + HgO
^  Oat (OH) + HgO + 0 ,
k
Cat (OH)^ OOH + OH^ OH -------->  Cat (OH) + HCHO 4- HpOj  k 4 .4
kr
Cat (OH)^ OOH --------  > Compound I I -> Compound I I I
P ig  A, R eac tio n s  o f C a ta la se .
The purpose o f t h i s  p re se n t work i s  d i r e c te d  tow ards th e  
a p p l ic a t io n s  o f im m obilised  c a ta la s e  in  a u to a n a ly s is . As p re v io u s ly  
m entioned , a tubular-shaped su p p o rt i s  id e a l ly  s u i te d  f o r  such a 
p u rp o se . Nylon was chosen as th e  su p p o rt m a te r ia l  owing to  i t s  great 
m e ch an ic a l■s tr e n g th  (w hich imparts a  ro b u s tn e ss  on th e  im m obilised  
enzyme) and i t s  ready a v a i l a b i l i t y .  The p o te n t ia l  a p p l ic a t io n  o f 
n ylon -tu be im m obilised  enzymes in  c l i n i c a l  a n a ly s is  have been re p o r te d  
p re v io u s ly  (48 ) ,  H ylon, b e in g  an i n e r t  polymer r e q u ir e s  the generation  
o f a c t iv e  groups p rior  to  enzyme a ttach m en t. This has p re v io u s ly  been
y' -A
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perform ed u s in g  a c id  h y d ro ly s is ,  in  o rd e r  to  l i b e r a t e  f r e e  eumino 
groups (41  ) ,  W hile t h i s  method enab les  enzymes to  be bound to  th e
k%
n ylon , th e  s t r u c t u r a l  i n t e g r i t y  o f th e  support i s  p a r t i a l l y  l o s t  owing
■ ' 4r  to  th e  h y d ro ly t ic  c leav ag e  o f th e  amide lin k a g e . However, a c t iv a t io n .  ''Ü,
,, ^  ^ ,k o f th e  nylon can be ach iev ed  w ith o u t d is ru p t io n  o f th e  secondary  amide §
0  f « f %.
' /   ^  ^ backbone o f  th e  polym er, Morris et a l .  ( 4 6 ) have re p o r te d  th e  immob- ‘ |
 ^ i l i s a t i o n  o f enzymes upon n y lo n -tu b e  a c t iv a te d  by re a g e n ts  such as DMS
' ■ 1and TOTFB. These re a g e n ts  r e a c t  w ith  th e  secondary amide lin k a g e s  o f  ^
' • n y lon  to  produce th e  co rresp o n d in g  secondary  irn id a te  s a l t s .  Enzymes •
may be a t ta c h e d  d i r e c t l y  to  nylon p rep ared  in  t h i s  m&inner by th e  r e a c t io n  . ^i-
, . ' Ï
I' ^ o f  amine fu n c tio n s  on th e  p ro te in  w ith  th e  im id a te  groups g e n e ra te d
upon th e  n y lo n . A l te rn a t iv e ly ,  a  sp a c e r  compound may be a t ta c h e d  to  
th e  n y lo n -tu b e  by means o f th e  im id a te  g ro u p s. The enzymes can th e n  
k, be co v a le n tly  bound to  s u b s t i tu te d  n y lo n -tu b es  v ia  c r o s s - lin k in g
re a g e n ts  such as g lu ta ra ld e h y d e  and b is - im id a te s .  T h is method of 
' ' ' W ' ny lon  a c t iv a t io n  n o t on ly  ensu res th e  m aintenance o f th e  s t r u c t u r a l
in t e g r i t y  o f th e  su p p o rt b u t a ls o  a llow s a  g r e a te r  f l e x i b i l i t y  in  
th e  ch em is try  in v o lv ed  f o r  enzyme im m o b ilisa tio n . V a r ia t io n  o f th e  
sp a c e r  compounds employed, enab les th e  m icroenvironm ent o f th e  
im m obilised  enzyme to  be changed, th u s  allow ing  th e  d e te rm in a tio n  , 
o f o p tim is a tio n  o r th e  environm ent most s u i te d  to  th e  in d iv id u a l  
enzyme.
In  o rd e r to  a s c e r t a in  th e  nylon-tube im m obilised  o a ta la s e  
d e r iv a t iv e  most s u i te d  fo r  u se  in  a u to a n a ly t ic a l  system s, th e  
c h e m is try  o f a ttach m en t o f th e  enzyme to  th e  ny lon—tu b e  has been 
v a r ie d .  In  t h i s  way, th e  d e r iv a t iv e  d is p la y in g  I)  th e  g r e a te s t  
s t a b i l i t y  to  hydrogen p e ro x id e , 2) th e  h ig h e s t r a t i o  o f p e ro x id a tic  
c a t a l a t i c  a c t i v i t y  and 3) th e  b e s t  o p e ra t io n a l perform ance in  au to ­
a n a ly t i c a l  system s has been d e term ined .
_____ J
The d e te rm in a tio n  o f  g lnoose  has been in v e s t ig a te d  u s in g  fo u r  
system s in v o lv in g  n y lo n -tu b e  im m obilised  g lucose  o x id ase  and o a ta la s e  
d e r iv a tiv e s *  In  two, th e  p e ro x id a tic  a c t i v i t y  o f  th e  c a ta la s e - tu b e  
has been m onitored  by means o f th e  H antssoh r e a c t io n .  The th i rd ,s y s te m  
m onito rs  th e  p e ro x id a tic  a c t i v i t y  of th e  c a ta la s e  tu b e  by means’ of a  
t h i r d  eizyrne, aldehyde dehydrogenase. The l a s t  system  m onito rs  th e  
g lu co se  ox id ase  a c t i v i t y  by means o f oxygen d e p le t io n .  In t h i s  









2 .1 .  imPERS
B u ffe rs  of c o n s ta n t io n ic  s t r e n g th  were p rep ared  from th e  d a ta  
o f  B a t ta  and Grzyhowski (2 6 ) .  The pH o f a l l  b u f fe r s  was checked 
u s in g  a  ïb*e Dynacap pH m eter (W.G. fy e  & Go. L td .,  Cam bridge, U .K .). 
P r io r  to  u se , t h i s  in s tru m en t was c a l ib r a t e d  u s in g  a  s ta n d a rd  
r e fe re n c e  b u f fe r  o f pH 6.86  a t  2$°G (Beckman In stru m en ts  I n c . ,  
I 'k ille r to n , C a l i f o r n ia ,  U .S .A .) .
2 .2 .  SOLV%^m
D ie th y l e th e r ,  m ethanol, d ich lo rom ethane , dioxan and forrnamide 
w ere o b ta in ed  from BDH C hem icals L td .,  P oo le , D o rse t, U.K. B efore 





2 . 3 .  mCRCAHIC AND ORGMIC RBAOmiS
W herever p o s s ib le ,  A n a ly t ic a l  g rade  re a g e n ts  were u sed  w ith o u t 
fu rth er  p u r i f i c a t i o n ,  Except where o th e rw ise  s t a t e d  such  re a g e n ts  
were o b ta in e d  from BDH C hem icals L td .
B oront r i  f lu  o r i  de d i e t  h y le t  h e ra t  e was s to re d  in  a  dark  b o t t l e  
at room te m p era tu re , s a tu r a te d  w ith  su lp h u r  d io x id e ,
1~Chloro- 2 : 3-epoxypropane was s to r e d  in  a  dark  b o t t l e  a t  room 
te m p e ra tu re  «
G lu ta ra ld eh y d e , 25^ (w /v ) , e le c t r o n  m icroscopy g rad e , was 
o b ta in e d  from K och-L ight L a b o ra to r ie s  L td .,  G olnbrook, B u ck s ,, U .K ., 
and s to r e d  a t  4^6 »
Egg Albumen ( c r y s t a l l i s e d  and ly o p h i l is e d ,  Sigma Chem ical C o ., 
(London) L td .,  K ingston  upon Thames, S u rre y , U .K .) was s to re d  d e s s i -  
c a te d  a t  4°G. S o lu tio n s  o f t h i s  p rote in  in  th e  a p p ro p r ia te  b u f fe r  
were made up im m ediately  p r io r  to  t h e i r  u s e .
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w ere made up im m ediately  p r io r  to  u s e .  S o lu tio n s  o f  1 ,2 -d iam inoethane 
and 1 , 6-diam inbhexane in  m ethanol w ere s to r e d  a t  4^0 .
Formaldehyde was o b ta in ed  from K och-Light L a b o ra to r ie s  L td .,  
and s to r e d  a t  4°G. Im m ediately  p r io r  to  u se , s o lu tio n s  o f t h i s  
re a g e n t were s ta n d a rd is e d  by t h e i r  o x id a tio n  and b a o k - t i t r a t io n  w ith  a 
p rim ary  s ta n d a rd  of po tassium  io d id e .
A ce ty lace to n e  was s to r e d  in  th e  dark  a t  room te m p e ra tu re .
. A d ip o n it r i le  and adipam ide were o b ta in ed  from Cambrian Chem icals 
L td . ,  Croydon, S u rre y , U.K.
Type 6 n y lo n -tu b e  was o b ta in ed  from P o rtex  L td .,  Ily the , K ent, 
U .K ., and used  th ro u g h o u t. Where th ic k  bo re  n y lo n -tu b e  i s  s p e c if ie d  
th e  in t e r n a l  d iam ete r o f th e  tu b e  m easured 2 mm. Thin b o re  n y lo n -  
tu b e  had an in t e r n a l  d ia m ete r o f  1 mm.
2 ,4 .
■ A ll enzymes, w ere used  w ith o u t f u r th e r  p u r i f i c a t i o n .  W ith th e  
ex c e p tio n  o f g lu c o se -6-p h o sp h a te  dehydrogenase th e y  were sto red , 
d e s s ic a te d  over s i l i c a  g e l a t  4 C*
2 .4 .1  C a ta la s e  (liX) 1 .1 1 .1 .6 )
Type C-40 c a ta la s e  from b e e f - l i v e r  (15 ,000  Sigma U n its  mg ) 
was o b ta in ed  from Sigma Chem ical C o ., L td .
B -grade o a ta la s e  (9 ,5 0 0  lU mg"""^  ) from A sp e rg illu s  n ig e r  was 
o b ta in e d  from Oalbiochem L td .,  San D iego, C a l i f o r n ia ,  U .S.A .
-1
2 , 4 .2  Glucose O xidase (EC 1 .1 .3 .4 )
Grade 1 g lu co se  ox idase  (210 lU mg ')  from A sp e rg illu s  n ig e r  





2 . 4 . 3  Peroxidase (lOO 1 . 11 . 1 .7 )
Type VI p e ro x id a se  (250 P u rp u ro g a llo l U mg” ) from h o rs e ra d is h  
was obtained from Sigma Chem ical C o ., L td ,
2 . 4 .4  nexok inase  ( EG 2 ,7 .1 .1  )
• Type P300 hexok inase  (210 lU mg""') from y e a s t was o b ta in ed  from 
B o eh ringer C o rp o ra tio n , London, L td ,
~1
2 .4 .'$  G lucose - 6-phoophate Behydrogenase (EG 1 .1 .1 .4 9 )
Grade I I  g lu c o se -ô -p h o sp h a te  dehydrogenase ( 14O lU mg ')  from
y e a s t  was o b ta in ed  as a  c r y s t a l l i n e  susp en sio n  from B oehringer 
C o rp o ra tio n , London, L td . and s to re d  a t  4°C.
2.4,(5' Aldehyde Dehydrogenase (EC 1 .2 .1 .9 )
Grade I I  a ldehyde deliydrogenase (6  lU mg  ^) from y e a s t was 
o b ta in ed  from Sigma Chem ical C o ., L td .
2 . 4 .7  A lcohol Behydrogenase (EG 1 .1 .1 ,1  )
A lcohol dehydrogenase (410 lU mg "^ ) from y e a s t  was o b ta in ed  from 
Sigma Chem ical C o ., L td ,
2 ,5  SUBSTRATES MID COEN%Yiœ
2 , 5.1 Hydrogen P erox ide
30^ (w /v) HpOp was o b ta in ed  from BBH Chem icals L td , lOOmM s to c k
^ ,3
i r









s o lu t io n s  o f th is  re a g e n t were found to  be s ta b le  f o r  a t  l e a s t  th re e  
weeks when s to re d  a t  in  a  dark  b o t t le *  Im m ediately p r io r  to  u se
th e  m o la r ity  o f th e se  s o lu tio n s  was checked by t i t r a t i o n  a g a in s t  a  -
p rim ary  s ta n d a rd  o f po tassium  perm anganate in  s u lp h u r ic  a c id  ( 2? ) .
2 , 5 , 2. ' G lucose
S o lu tio n s  o f A n ala r g rade g lu co se  (BBH C hem icals . L td . ) ' were 
made up in  d i s t i l l e d  w a te r  a t  l e a s t  24 h b e fo re  u se  t.o ensu re  com-
o ëp le te  m u ta ro ta t io n . Such s o lu tio n s  were s to re d  a t  4 C and used  
w ith in  3 days of t h e i r  p re p a ra t io n .
2 , 5*3  2 ,2*A21 i n o - d i - (3 .-o tlayl-’b e n z th ia s o lin e  s u lfo n ic  a c id
.(AÏ).'"
ABT3 was o b ta in ed  from B oehringer C o rp o ra tio n  London L td ., 
and s to re d  d e s s ic a te d  over s i l i c a  g e l a t  4°C. S o lu tio n s  o f t h i s  
re a g e n t were made up in  th e  a p p ro p r ia te  b u f fe rs  and used  w ith in  6 h 
o f t h e i r  p re p a ra t io n .
2 , 5 .4  A cotaldehyde
A cetaldehyde was o b ta in ed  from May and Baker L td .,  Dagenham,
E ssex , U.K. This chem ical was s to r e d  a t  4^C and r e d i s t i l l e d  im m ediately  
p rio r  to  u s e .  S tan d a rd  s o lu t io n s  were s to re d  on ic e  and used  w ith in  
3 h of t h e i r  p re p a ra t io n .  The c o n c e n tra tio n  o f  such s o lu t io n s  was 
determ ined  s p e c tro p h o to m e tr io a lly  by m easuring th e  o x id a tio n  o f ÏÏADH in  
th e  p resen ce  of y e a s t  a lc o h o l dehydrogenase, acc o rd in g  to  th e  method 





2 .5 .6  HAD
Grade I I I  NAD"' was o b ta in ed  from S igm a Chemical C o ., and s to re d  
d e s s ic a te d  a t  4*^ 0# S o lu tio n s  o f t h i s  ooenzym e were always used  w ith ­
in  12 h o f t h e i r  p re p a ra t io n ,
2 . 5 . 7  Serum
B o v in e  w hole-b lood  was c o l le c te d  in  h e p a r in is e d  c o n ta in e rs  in  
o rd e r  to  p rev en t any c o a g u la tio n  o f th e  b lo o d . T h e ,e ry th ro c y te s  
w ere c e n tr ifu g e d  in  an MSB 6L c e n tr i fu g e  (MSB In s tru m en ts  L td ,,  
C raw ley, S ussex , E ngland, U ,K .) f o r  1 h a t  2 ,000 r .p ,m , and a 
te m p e ra tu re  o f J % ,  The s tra w -c o lo u re d  l iq u id  was c o l le c te d  and 
s to r e d  a t  -20°C . Im m ediately p r io r  to  u se  i t  was q u ic k ly  thawed 
and any p r e c ip i t a t e  th a t  had formed was removed by c e n t r i f u g a t io n  
u s in g  a b e n c h -c e n tr ifu g e , .
I:
















F ig s  l ( a )  and 1 (b) • The sy n th e s is  o f (a )  tr ie th y lo x o n iu m  






3 .1 .1  T r ie th y loxonium T e tra f lu o ro b o ra t  e
T r ie th y loxonium t e t r a f l u o r o b o r a t e  (TOTFB) was p rep a red  f r e s h ly  
when re q u ire d  b y  th e  method o f Meerwein (.2 9 ) .  1 2 . 5  g  o f 1-ohloro~2 ■
3“-epoxypropane was added to  a  r e f lu x in g  s o lu t io n  o f 25 g b o r o n t r i -  
f lu o r id e  d ie th y le th e r a te  in  25O ml of d ry  d i e t h y l  e th e r ,  v ig o ro u s ly  
s t i r r e d  on a m a g n e tio  s t i r r e r .  When a l l  th e  form er re a g e n t had been 
added, th e  m ix tu re  was re f lu x e d  f o r  a  f u r th e r  60 roin and th en  allow ed 
t o  co o l to  room te m p era tu re  w ith  co n tinuous s t i r r i n g .  The p r e c ip i ­
t a t e d  TOTFB was th e n  washed tw ice  w ith  d ry  e th e r  and s to r e d  as a  
1 0 ^ .(w /v) s o lu t io n  in  d ic h lo ro m eth an e . This r e a c t io n  i s  shown  
s c h e m a tic a lly  in  F ig  l a .
3 . 1.2 D ie th y l A d ip im idate
D i e t h y l  a d ip im id a te  was p rep a red  acco rd in g  t o  th e  method o f 
P in n e r  ( 5 0 ) .  2 l , 6  g  o f a d i p o n i t r i l e  and I 8 . 6  g of d ry  e t h a n o l
w ere d is s o lv e d  in  th e  minimum q u a n t i ty  o f d ry  d ioxan . The s o lu t io n  
w as in c u b a ted  in  an ic e  w ate r b a th  in  o rd e r  to  m a in ta in  th e  tem per­
a tu r e  below . The r e a c t io n  m ix tu re  was th e n  gassed  w ith  d ry  HCl, 
u n t i l  20 g had been d is s o lv e d  in  th e  d ioxan . This wan s u f f i c i e n t  
to  p ro v id e  a  20^ excess over th e  s to ic h io m e tr ic  amount r e q u ire d .
The r e a c t io n  m ix tu re  was th en  m a in ta in ed  a t  f o r  30 h, a f t e r  
w hich, t h e  d ie t i iy l  a d ip im id a te  was p r e c ip i ta te d  by th e  a d d i t io n  of 
d r y  e th e r .  The p r e c ip i t a t e d  d ie th y l  ad ip im id a te  was th e n  washed 
tw ic e  w it h  e th e r .  In  th e  f i n a l  wash th e  e th e r  was com ple te ly  
rem oved  by e v ap o ra tio n  u nder vacuum. The dry s o l id  was s to re d  
d e s s ic a te d  under vacuum a t  room te m p e ra tu re . The r e a c t io n  i s  
shown in  F ig  1b.
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•I
PREPARATION OP NYLŒ TUBE PmOBILISED MZTI'TBS
3 . 2 .  ommAL CH@'IIBTRY OF AITAGimmT
• Most ny lons a re  o f h ig h  m o lecu la r w eight and co n seq u en tly  
c o n ta in  few r e a c t iv e  end g ro u p s. T h ere fo re  th e  co v a le n t a ttachm en t 
o f enzymes to  ny lon  must i n i t i a l l y  e n t a i l  i t s  m o d if ic a tio n  so  th a t  
a c t iv e  c e n tre s  a re  g e n e ra te d . In  t h i s  w ork-the n e c e ssa ry  m o d ifi­
c a t io n  i s  ach ieved  th ro u g h  th e  fo rm atio n  o f irn idate  s a l t s  from  th e  
r e a c t io n  o f  th e  secondary  amide «.linkages o f ny lon  w ith  pow erful 
a l lq y la t in g  re a g e n ts  such  as d im ethy l su lp h a te  and t r i e t h y l oxonium 
te t r a f lu o r o b o r a t e .  N y lon -tube  t r e a te d  in  t h i s  m anner i s  r e f e r r e d  
to  as 0 -a lk y la te d  n y lo n - tu b e . ' Irn idate  s a l t s  th u s  formed w i l l  r e a c t  
w ith  n u c le o p h ile s  such  as amines and a c id  h y d r a s id e s ,  y ie ld in g  th e  
c o rre sp o n d in g  am idines and am idrazones r e s p e c t iv e ly .  The 0 - a l k y l a t e d  
n y lo n -tu b e s  re a c te d  in  t h i s  manner w ith  am ines, a c id  h y d raz id es  and 
egg albumen (o th e rw ise  c a l le d  s p a c e rs )  a re  r e f e r r e d  to  as am ine-, 
h y d ra s id e - ,  and p r o te in - s u b s t i tu t e d  n y lo n -tu b es  r e s p e c t iv e ly .
The f r e e  amine o r h y d raz id e  fu n c tio n s  on th e  s u b s t i tu te d  n y lo n -  
tu b e s  can be c o v a le n tly  l in k e d  to  th e  a p p ro p r ia te  enzyme by u s in g  
b i f u n c t io n a l  c r o s s - l in k in g  re a g e n ts  such as g lu t a r a ld e h y d e  o r 
d i e t h y l  a d ip im id a te . N y lo n -tu b es  p rep a red  f o r  th e  a ttach m en t o f th e  
enzyme in  t h i s  manner a re  r e f e r r e d  to  as g lu ta ra ld e h y d e -  and d ie th y l  
a d ip im id a te - re a c t iv a te d  n y lo n -tu b e s  r e s p e c t iv e ly .
In  th e  case  o f h y d raz id e  s u b s t i tu t e d  n y lo n - tu b e s , co n v ers io n  of 
th e  h y d ra z id e  group to  an a z id e  fu n c tio n  by n i t r o u s  a c id  en ab les  th e  
enzyme to  be d i r e c t l y  im m obilised  to  th e  s u b s t i tu t e d  nylon-tube  
w ith o u t th e  u se  o f c r o s s - l in k in g  r e a g e n ts .  D e r iv a tiv e s  p rep a red  in  
t h i s  manner a re  r e f e r r e d  to  as a z id e - r e a c t iv a te d  n y lo n -tu b es#
N ylon-tube im m obilized  enzyme tu b es  a re  sometimes r e f e r r e d  to  - 
as enzyme tu b e s .
-a
U:'." .
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F ig s  2 (a ) and 2 (b ) .  0 - a lk y la t io n  o f  n y lo n -tu b e  w ith  
(a )  d im ethy l s u lp h a te ,  and (b) tr ie th y lo x o n iu m  te t r a f lu o r o b o r a te .
18
The re a c t io n  sequences em p lo y ed  in  th e  p re p a ra t io n  o f n y lo n - 
tu b e  im m obilised  enzymes a re  sc h e m a tic a lly  d e sc r ib e d  in  F ig s  2 -4 ,
U n less o th e rw ise  s p e c i f ie d  th e  n y lo n -tu b e  im m obilised  enzymes 
were p rep a red  by TOTFB a l k y l a t i o n  and g lu ta ra ld e h y d e  r e a c t iv a t io n  o f ' 







3 .2 .1 .1  0 -A lk y la tio n  o f N ylon-tube w ith  Dim ethyl S u lp h a te
3m le n g th s  of n y lo n -tu b e  were f i l l e d  w ith  d im e th y l-su lp h a te , 
t h e i r  ends f irm ly  s e a le d , 'and immersed in  a b o i l i n g  w a te r b a th  f o r  
6 rnin. Im m ediately t h e r e a f t e r ,  th e  tu b e s  w ere p lu n g e d  i n t o  an io e -  
w a te r  b a th  in  o rd e r to  a r r e s t  th e  a lk y la t io n .  S u b seq u en tly , th e  
d im eth y l su lp h a te  was pumped out o f th e  tu b e s , w hich w ere th e n  washed 
by p e rfu s io n  w ith  $0 ml m ethanol f o r  2 min a t  4^0. The 0 -a lk y la te d  
n y lo n -tu b e s  th u s  p rep a red  w ere th en  im m ediately  f i l l e d  w ith  a 
s o lu t io n  of th e  a p p ro p r ia te  sp a c e r  compound as d e sc r ib e d  below . The 
r e a c t io n  i s  sch em a tica lly , r e p re s e n te d  in  F ig  2a .
3 . 2 . 1 . 2  0 - A l lc y la t io n  o f  N y lo n -T u b e  w it h  TOTFB
3 m le n g th s  of n y lo n -tu b e  were f i l l e d  w ith  a  10^ (w /v) s o lu t io n  
o f  TOTFB in  d ich lo ro m eth an e , t h e i r  ends f i r m ly  s e a le d , and in cu b a ted  
a t  room te m p era tu re  f o r  12 m in. The 0 - a lk y la t io n  was te rm in a te d  by 
p e r fu s in g  th e  tu b es  w ith  d ich lo rom ethane fo r  2 min. Im m ediately 
t h e r e a f t e r  th e  0 - a lk y la te d  n y lo n -tu b e s  w ere  in c u b a te d  w ith  a s o lu t io n  
o f th e  a p p ro p r ia te  sp a c e r  compound as d e sc r ib e d  below . The r e a c t io n  
i s  s c h e m a tic a lly  re p re s e n te d  in  F ig  2b.
3 .2 ,2 .1  P re p a ra tio n  o f A m in e -S u b stitu ted  N y lo n -T u b e
A m in e -su b s titu te d  n y lo n -tu b es  were p rep ared  b y  f i l l i n g  th e
If
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F ig  5» The s u b s t i tu t io n  o f  0 - a lk y la te d  n y lo n -tu b e  w ith  
(a )  1 , ô-diam inohexane, (b) a d ip ic  a c id  d ih y d ra z id e , and (c )  i n e r t  









0 -a lk y la te d  n y lo n -tu b es  w ith  a  s o lu t io n  o f e i th e r  1 ,0  M-" 1, 6-d iam ino , 
hexane, o r 1 ,0  M- 1, 2 -d iam inoethane  in  m ethanol. A l te rn a t iv e ly ,  a 
0.5M aqueous s o lu t io n  o f th e  diam ine was t i t r a t e d  to  pH 9 ,0 , and
s *
used  in  th i s  s te p .  In  a l l  cases  t h e r e a f t e r ,  th e  tu b es  were s e a le d  a t  b o th
ends and in c u b a ted  a t  room te m p era tu re  f o r  a t  l e a s t  1 h , Excess u n -  y-»
r e a c te d  amine was th e n  removed by p e r fu s io n  w ith  w ate r f o r  2 h . Amine- . -
s u b s t i tu t e d  n y lo n -tu b e  p rep a red  in  t h i s  way cou ld  be s to r e d  fo r  3 
weeks w ith o u t any d e te c ta b le  d e te r io r a t io n .  The p re p a ra t io n  of 
th e s e  d e r iv a t iv e s  i s  s c h e m a tic a lly  re p re s e n te d  in  F ig  3 .
3 .2 .2 .2 .  P re p a ra t io n  o f P ro te in -B u b s t i tu te d  n y lo n -tu b e
P r o te in - s u b s t i tu te d  n y lo n -tu b e s  were p rep ared  by f i l l i n g  th e  f r e s h ly  
p rep a red  0- a lk y la te d  n y lo n -tu b e s  w ith  e i th e r  1, 0^  (w /v) egg albumen, 
in  0 ,2M -bora te , pH 9*0, o r 1 ,0^  (w /v) m eth y la ted  bovine serum albumen 
in  m ethano l. In  b o th  cases  th e  ends were s e a le d  and th e  tu b e s  in c u b a te d  
a t  room te m p era tu re  f o r  a t  l e a s t  1 h . T h e re a f te r , excess p ro te in  was 
removed by p e rfu s io n  w ith  w a te r f o r  24 h . These p r o te in - s u b s t i tu te d  
n y lo n -tu b e s  cou ld  be s to r e d  a t  room tem p era tu re  fo r  3 weeks w ith o u t any 
d e te c ta b le  d e te r io r a t io n .  The p re p a ra t io n  o f th e se  d e r iv a t iv e s  i s  
s c h e m a tic a lly  re p re s e n te d  in  F ig  3 .
For th e  p re p a ra t io n  of d en a tu red  p r o te in - s u b s t i tu te d  n y lo n -tu b e , 
th e  egg albumen was a t ta c h e d  as d e sc r ib e d  above and th e n  d en a tu red  by 
p e r fu s io n  w ith  a  s o lu t io n  o f 8 , 0M -urea in  d i s t i l l e d  w a te r f o r  2 h
I ’
a t  a, flow  r a t e  of 2 ml min The tu b e  th en  washed f r e e  of u re a  by i t s
-1p e rfu s io n  w ith  0 , 5H~HaC1 a t  a  flow  r a t e  of 4 ml min f o r  2 h ,
3 . 2 ,2 .3  P re p a ra t io n  o f  H y d ra z id e -S u b s titu te d  Nylop-Tube
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F ig  4» R e a c tiv a tio n  o f  s u b s t i tu t e d  ny lo n -tu b e  w ith  









f r e s h ly  p rep a red  0- a lk y la te d  n y lo n -tu b e s  w ith  a  4 mg rnl  ^ s o lu t io n  o f 
e i th e r  a d ip ic  o r s u c c in ic  a c id  d ih y d ra z id e  in  form am ide. The ends 
were s e a le d  and th e  tu b e s  in c u b a te d  a t  room tem p era tu re  f o r  a t  l e a s t  
1 h* T h e re a f te r ,  excess h y d raz id e  was removed by p e rfu s io n  w ith  . ;
w ater f o r  24 h . The h y d raz id e  s u b s titu È e d  n y lo n -tu b es  cou ld  be ■ '.4:
s to r e d  f o r  3 weeks w ith o u t any d e te c ta b le  d e te r io r a t io n .
H y d ra z in e -s u b s ti tu te d  n y lo n -tu b e s  were p rep ared  by f i l l i n g  th e  
0- a lk y la te d  n y lo n -tu b e s  w ith  a 3#0M s o lu t io n  of h y d raz in e  h y d ra te  
in  m ethano l. The in c u b a tio n  and rem oval of excess h y d raz in e  was 
as d e sc r ib e d  above.
The p re p a ra t io n  o f b o th  h y d ra z id e -  and h y d ra z in e -  s u b s t i tu t e d  
n y lo n -tu b e s  i s  s c h e m a tic a lly  re p re s e n te d  in  F ig  3 .
3 . 2 . 3 . R e a c tiv a tio n  o f S u b s t i tu te d  Ijylon-Tube
3 .2 .3 .1  R e a c tiv a tio n  w ith  G lu ta ra ld eh y d e  ^
Amine-, p r o te in - ,  and h y d ra z id e - s u b s t i tu te d  n y lo n -tu b e s  were
r e a c t iv a te d  by t h e i r  p e r fu s io n  in  a  c lo se - lo o p  system  w ith  a  3% (w /v)
s o lu t io n  of g lu ta ra ld e h y d e  in  0 .2M -bora te , pH 8 , 5 , f o r  15 min a t  a
flow  r a t e  of 5 ml min and a  te m p era tu re  of 20 C. T h e re a f te r ,  th e
tu b e s  w ere washed f r e e  o f u n re a c te d  g lu ta ra ld e h y d e  by t h e i r  p e rfu s io n
—1w ith  0.2M -phosphate, pH 7*8, f o r  5 min a t  a flow  r a t e  o f 5 ml min ,
and im m ediately  in c u b a te d  w ith  th e  a p p ro p r ia te  enzyme s o lu t io n .  The f
r e a c t io n  i s  s c h e m a tic a lly  re p re s e n te d  in  F ig  4- # '
3 . 2 . 3 .2  R e a c tiv a tio n  w ith  D ie th y l A dip im idate
Amine-, p r o te in - ,  and h y d ra z id e - s u b s t i tu te d  n y lo n -tu b e s  were f i r s t  .4 ;; 
d r ie d  by p e rfu s io n  w ith  a b s o lu te  e th a n o l f o r  10 min. The tu b es  were thenÇy>
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loop  system  w ith  a  s o lu t io n  c o n ta in in g  3.0m l a b s o lu te  e th a n o l, 2 ,0  ml
H -etl'iy l m orpholine, and 100 mg d ie th y l  a d ip im id a te . A f te r  2 h , u n -
re a o te d  d ie th y l  a d ip im id a te  was washed f r e e  from th e  tu b e  by p e rfu s io n
—1w ith  50 ml a b so lu te  a lc o h o l a t  a  flow  r a t e  o f 5 ml min . Im m ediately 
t h e r e a f t e r ,  th e  a p p ro p r ia te  enzyme s o lu t io n  was drawn in to  th e  tu b e .
The r e a c t io n  i s  s c h e m a tic a lly  re p re s e n te d  in  F ig  4 ' .
3 * 2 .3 .3  P re p a ra t io n  o f A z id e-A ctiv a te d  Nylon-Tube
100 ml of 0 ,1  M-HG1 was p e rfu se d  from a  r e s e r v o i r  th rough  
s u c c in ic  a c id  d i l iy d ra z id e - s u b s t i tu te d  n y lo n -tu b e  in  a c lo se d  loop  a t  a  
flow  r a t e  o f 3 ml min’"'*. The te m p era tu re  was m a in ta in ed  th roughou t a t  
0*^ 0 by means of a s a l t - i c e  b a th .  1 ,5  g o f sodium n i t r i t e  in  10 ml 
ic e - c o ld  w ate r was added dropw ise to  th e  r e s e r v o i r  over a  p e r io d  o f 
10 m in. A f te r  30 min th e  tu b e  was washed f r e e  of a c id  by p e rfu s io n  
w ith  30 ml ic e - c o ld  0,2M -phosphate , pH 7 . 8 , a t  a flow  r a t e  of 10 ml min 
The tu b e  was th e n  im m ediately  f i l l e d  w ith  th é  a p p ro p r ia te  enzyme 
s o lu t io n .
-1
3 . 2 .4  C oupling  o f Enzymes to  R e a c tiv a te d  Nylon-Tube
Im m ediately a f t e r  th e  p re p a ra t io n  o f r e a c t iv a te d  n y lo n -tu b e , a
s o lu t io n  of th e  a p p ro p r ia te  enzyme was drawn in to  th e  tu b e  by means
o f a  s y r in g e . The ends were clamped and th e  tube  was in c u b a ted  a t
room te m p era tu re  f o r  3 h . The tu b e  was then  p e rfu se d  w ith  15 ml 0,2M-
pho sp h a te , pH 7*8, and th e  w ashings c o l le c te d  fo r  a s s a y . T h e re a f te r ,
excess unbound enzyme was washed o f f  th e  suppo rt by i t s  p e rfu s io n
—1w ith  500 ml 0 .5  M-NaCl a t  a  flow  r a t e  o f 5 ml min , A ll n y lo n -tu b e  
im m obilised  enzyme d e r iv a t iv e s  were s to r e d  a t  4°G, f i l l e d  w ith  0 . 05M— 






3,3 E stim a tio n  o f Bound Enzyme
The amount o f enzyme im m obilised  on th e  in s id e  s u r fa c e  o f 
n y lo n -tu b e  was e s tim a te d  in  th e  fo llo w in g  maamer. A f te r  th e  co u p lin g  
r e a c t io n ,  th e  enzyme s o lu t io n  was v/ithdravjn from th e  tu b e , which was 
then p e rfu se d  w ith  15 ml of 0 ,2  M -phosphate, pH 7.8» The enzyme 
co u p lin g  s o lu t io n  and th e  w ashings were pooled  and th e  t o t a l  number o f 
enzyme, u n i t s  th e r e in  e s tim a te d . An a l iq u o t  of th e  enzyme co u p lin g  
s o lu t io n  was r e ta in e d  p r io r  to  i t s  in c u b a tio n  w ith  th e  tu b e  and th e  
number o f enzyme u n i t s  in  th e  whole volume th e re b y  e s tim a te d . Com­
p a r iso n  o f th e  two enzyme a c t i v i t i e s  y ie ld e d  th e  amount o f enzyme ta k en  
up from th e  s o lu t io n  by th e  im m o b ilisa tio n  r e a c t io n ,  A c o n tro l  was 
employed in  which an a l iq u o t  o f th e  enzyme s o lu t io n  was assayed  b e fo re  
and a f t e r  b e in g  su b je c te d  to  th e  c o n d itio n s  used  in  th e  enzyme co u p lin g  
r e a c t io n .  In  t h i s  way, any d ec re a se  in  a c t i v i t y  due to  enzyme 
d é n a tu ra tio n  r a th e r  th a n  im m o b ilisa tio n  cou ld  be tak en  in to  a c c o u n t.
3 .4 .  DETIRJiH-ÏÂTIOH OF SOLUBLE ENZYME ACTIVITY
1
3 . 4 .1  C a ta la se
The c a t a l a t i c  a c t i v i t y  of c a ta la s e  was measured a t  25^0 by
re c o rd in g  th e  d isap p ea ran ce  o f HgOg sp e c tro p h o to m e tr io a lly  a t  240 nrn,
a c c o rd in g  to  th e  method of Bergmeyer (^1 ) ,  A ll a ssay s  were perform ed in
a  r e a c t io n  volume o f 3 ml c o n ta in in g  15 mlWIgOg in  0 ,05  M -phosphate,
pH 6 . 9 . In  each case  th e  r e a c t io n  was i n i t i a t e d  by th e  a d d it io n  o f
10 ^ 1  of th e  enzyme s o lu t io n .  One u n i t  of c a ta la s e  a c t i v i t y  i s  d e f in e d
as th e  arnou.nt of c a ta la s e  re q u ire d  to  decompose one jpjnole o f HgOg p e r
m inute a t  pH 6 ,9  a t  25*^ , w h ile  th e  HgOg c o n c e n tra tio n  f a l l s  from 10,3 










An E f o r  NADH o f 6 ,22  x 10^ cm^''Mol  ^ was u sed 'th ro u g h -
3*4*2. Glucose O xidase
G lucose ox idase  a c t i v i t y  was m easured a t  2‘j'^G by re c o rd in g  th e  
d isap p ea ran ce  of d is s o lv e d  oxygen w ith  a Yellow S p rin g s  Model 53 ’
Oxygen M onitor (Yellow S p rin g s  In s tru m en t C o ,, Yellow S p rin g s , Ohio, 
U .S .A .) , A ll assay s  were perform ed in  a  5 ml r e a c t io n  volume con­
ta in in g  4 mM-gluoose in  0 ,05  M -ace ta te , pH 5*6. . In  each ca se  th e  
r e a c t io n  was i n i t i a t e d  by th e  a d d i t io n  o f 10 u l  of th e  enzyme s o lu t io n .  
The a c t i v i t y  i s  ex p ressed  in  term s o f jumol Og u t i l i s e d  p e r min,
3*4*3 P ero x id ase
P ero x id ase  a c t i v i t y  was m easured a t  25°C by m easuring  th e  
o x id a tio n  o f ABIB sp e c tro p h o to m e tr io a lly  a t  610 nm. A ll a ssay s  were 
perform ed in  a  3 ml r e a c t io n  volume c o n ta in in g  1 .0  mlt'I-HgO^  and 
5 .0  m&ï-ABTS in  0.05 M -phosphate, pH 6,9* In  each case  th e  r e a c t io n  
was i n i t i a t e d  by th e  a d d i t io n  o f 10 41!  of th e  enzyme s o lu t io n , .  The
a c t i v i t y  i s  ex p ressed  in  term s of ^xmol ABIB o x id ise d  p e r  min,
t ■
3 *4 .4  Aldehyde Dehydrogenase
Aldehyde deliydrogenase a c t i v i t y  was determ ined sp e o tro p h o to -  
m e tr ic a l ly  by m easuring th e  p ro d u c tio n  of HADE a t  340 nm in  th e  manner 
o f  Bergmeyer (3 2 ) , A ll assay s  were perform ed a t  25°0 in  a  3 ml r e a c t io n  
volume c o n ta in in g  1 ,0  m M -ncetaldehyde; 0 ,2  mF^ -NAD"^ ; 0 ,5  m M -dith ioery- 
t h r i t o l ;  0 .2  M-KOl; 5 mlÆ-EDTA; and 0 .1  M - tr is ,  pH 8 ,0 ,  In  each  \  
c a se  th e  r e a c t io n  was i n i t i a t e d  by th e  a d d it io n  of 10 41I  of th e  enzyme- 
s o lu tio n ,






3 .5 ESTDIATIOM OF H^OBILISBB MZYME ACTIVITY
' I:The a c t i v i t y  o f  n y lo n -tu b e  im m obilised  enzymes was determ ined  in  one. jP
Îa
%, ' "  " ' '  ' '  ' " ' ' '  : : -  -      .• ■ - 4 4 ’"  '
, '; ; 4  ;.‘ ' \ \ \  o f two ways* In  one method th e  e x te n t of convers ion  o f s u b s t r a te  in  a
#






s in g le  paës o f th e  enzyme tu b e  was e s tim a te d , and in  th e  o th e r  th e
j Y'" " 4  i' Ï ’ r e c i r c u la t io n  a ssay  system  proposed by Ford and Lambert (%%) was
' '' employed, • r i
' Y#  4 M' ^, In' th e  fo llo w in g  m athem atica l tre a tm e n ts , any e f f e c t s  a r i s in g
' \ i ,  '' , 1^  from d if f u s io n  of s u b s t r a te ,  or p roduct from th e  enzyme a re  n e g le c te d  in
' y  /  ^ ord e r to  s im p lify  th e  th e o r  e t i c a l  a n a ly se s .  A lthough i t  h a s been shown
/  '? Y#  t 4 th a t  d i f f u s io n a l  e f f e c t s  can occur in  o p en -tu b u la r  heterogeneous. . y)
r e a c to r s  (54?35 ) ,  i t  i s  n o t u n reaso n ab le  to  assume th a t  such e f f e c t s
o c c u rr in g  in  th e  a ssa y  system s d e sc r ib e d  h e re  w i l l  be o f l i t t l e
, l y M i m p o r t a n c e  due to  th e  fo llo w in g  c o n s id e ra t io n s .
j s From th e  n a tu re  of th e  enzyme im m o b ilisa tio n  p ro cess  used  in  th i s
' ''I' r>vi t.r-i 1 1 A 1 or'a+.oS Q+. 4*.Vif3 cni T»"P« r>. o mf ’I'VtO <311 Tt-nriv-l: . .4
' ij' 4^ ) work, th e  enzyme w i l l  be m ain ly  lo c a te d  a t  t h e  s u r fa c e  o f th e  su p p o rt,' ''4
T h ere fo re  any such e f f e c t s  a r i s i n g  w i l l  be due to  f i lm - d if f u s io n  and 
n o t pore d i f f u s io n .  The r e c i r c u la t io n  a ssay  p r o c e d u r e  r e q u ire s  h ig h  
flow  r a t e s ,  and as f ilm  d if f u s io n  i s  r e l a t e d  in v e rs e ly  to  t h e  l i q u id  
flow , any e f f e c t s  upon th e  system  w i l l  be m inim ised. In  th e  case  of th e  
s in g le  pass a ssa y , th e  enzyme tu b e  was c o i le d  in to  th e  shape of a  
t i g h t  h e l i x ,  and th e  l i q u id  stream  segm ented w ith  a i r .  Both th e se
•  ' ’' Î ^ t p re c a u tio n s  se rv e  to  m inim ise any e f f e c t s  of f ilm  d i f f u s io n ;  th e
 ^ I. , V- h e l i c a l  conform ation  im proves m ixing c h a r a c te r i s t i c s - a n d  th e  a i r
segment c o n t in u a lly  sco u rs  th e  ny lon  su rfa c e .4
q 3 .5 .1  R e c irc u la t io n  Assm
'  ^ The r e c i r c u la t io n  a ssa y  system  i s  show n sc h e m a tic a lly  in  F ig  5 ,
The s u b s t r a te  was m a in ta in ed  a t  25^0 in  th e  r e s e r v o i r ,  v ig o ro u s m ixing
y was ach iev ed  by means o f a m agnetic s t i r r e r .  The s u b s t r a te  was pumped*
*? ■? th ro u g h  th e  c lo se d  loop  c o n ta in in g  th e  enzyme d e r iv a t iv e  under a ssa y







Marlow L td .,  Falm outh, C ornw all, England, U .K .).
Two methods were employed to  m on ito r th e  r e a c t io n .  Where th e
I'
emergence o f p roduct o r d e p le tio n  o f s u b s t r a te  cou ld  be co n tin u o u s ly  
fo llo w ed  s p e c tro p h o to m e tr io a lly , a  1 cm l i g h t  p a th  flow  c e l l  was 
in c o rp o ra te d  in to  th e  system  a t  p o in t X and th e  change in  e x t in c t io n  ' 
fo llo w ed  on a BecJcmann DB sp ec tro p h o to m e te r . Where t h i s  method was 
in a p p l ic a b le ,  a l iq u o ts  were w ithdraw n from th e  r e s e r v o i r  a t  v a r io u s  
tim es d u rin g  th e  a ssay  and an a ly sed  f o r  th e  appearance o f p roduct or 
th e  d isap p ea ran ce  o f s u b s t r a te .
A ccording to  Ford & Lam bert, c o n s id e ra tio n  o f a  m a te r ia l  b a lan ce  
ac ro ss  th e  e n t i r e  r e c i r c u l a t i o n  r e a c to r  y ie ld s  th e  fo llo w in g  e q u a tio n : '-
where r
d t
V .  / V I
r e a c t io n  r a t e  of im m obilised  enzyme (mol min  ^ mg "* )
-dS = observed r a t e  o f d ec re a se  of s u b s t r a te  c o n c e n tra tio n
(mol min cm ^)d t
Vf t o t a l  f l u i d  volume of system  ( crn ^ ) 
Vf -- amount o f im m obilised  enzyme ( mg ) 
R earrangem ent o f eqn 1 g iv e s : -  






where G = amount of s u b s t r a te  co n v erted  by th e  im m obilised  enzyme 
in  u n i t  tim e (mol min "*)
F or an enzyme c a ta ly s e d  r e a c t io n ,  G i s  g iven  by th e  eqn
C = V . V     (3 )
Where v = v e lo c i ty  of th e  r e a c t io n  (mol min cm “^ )
= volume i3i w hich th e  enzyme i s  d isp e rs e d  (cm^)
In  th e  case  o f a  n y lo n -tu b e  im m obilised  enzyme, co rresponds to  th e  . 
volume o f th e  im m obilised  enzyiTie tu b e . The r e a c t io n  v e lo c i ty ,  v  , o f ' 








w  I      - - .   . .  - I
e q u a t io n :-
t  V = k^ .B ,  (4)'' !
A   ^J -V ?
, " ' / -0 \f  ^ 4 ‘ ‘ E = v o lu rao tric  c o n c e n tra tio n  of th e  enzyme (mg )
, G1*^ ' —3 N,g _ s u b s t r a te  c o n c e n tra tio n  (mol cm ) 
K ic h a e lis  c o n s ta n t (mol cm ^)
From eq u a tio n s  (2 ) ,  (3 ) and ( 4 )111
J ' " Y Y  p _ _ 5 „ ± l !  “  H
•  7  ' 'V')
, -V i* r  = ra d iu s  o f tu b e  (cm)
]/ E a s u r fa c e  c o n c e n tra tio n  of enzyme on th e  in n e r  su r fa c eI -j |h V a  ^
 ^ o f  th e  tu b e  (mg cm ^)
. -1 -1 \= tu b e - s p e c i f ic  a c t i v i t y  (mol min cm )





p   ^ Where E = t o t a l  amount of enzyme in  th e  sysrem  (mg)
'Î' C onsider an im m obilised  enzyme of a  tu b u la r  form vfith th e  fo llo w in g
f 1, ,  c h a r a c te r i s t i c s
r  L = le n g th  of tu b e  (cm)
 ^ S = JS ♦ 2 ’Tf • r  • L .(6 )
> f  The t o t a l  amount of a c t i v i t y  d isp la y e d  ly  th e  tu b e , A, i s  g iven  by :■
" { A = k^ .L
J However,
‘ k  = A
' 1and th e re fo re .
k_ “ kj. *L = k.|.
' ^ *  , T . -1 - 1 \  - f^ y v )  := s p e c i f i c  a c t i v i t y  of enzyme (mol min mg )
'(7),
IC . 2 r r . r . L  \  *2 ^  . ra 8.
From eqns ( 5 ) ,  (^ ) ( 7 ) ,
k , S.. .2  rr . r .L .S  = “^8 •r   ^ t_____  . j ; _____ 2,^_____  ' dt
t ' B .2  Tf . r  S + K ' . ^  j















For most enzymes i t  i s  p o s s ib le  to  a rra n g e  th e  exp erim en ta l c o n d itio n s  
so th a t  S »  1C and th e  r e a c t io n  i s  zero  o rd e r w ith  re s p e c t  to  s u b s t r a te .  
In  t h i s  c a se ,
kt ,L d t
Vf
and so,
- A  «V». 1d t  L (9 )
E quation  ( 9 ) p erm its  th e  e v a lu a tio n  o f th e  tube  s p e c i f i c  a c t i v i t y ,  k^ , 
by measurement o f th e  r a t e  o f u t i l i s a t i o n  of th e  s u b s t r a t e .
For some enzymes, such as c a ta la s e ,  k in e t i c  measurements a re  made 
under c o n d itio n s  in  w hich S « K ,  In  t h i s  case  th e  a c t i v i t y  of th e  tube- 
im m obilised  enzyme i s  d e sc r ib e d  by th e  e q u a t io n :-
k_ .L .8t  ^
k d t
V, ( 10)
}i]quati,on ( lO) d e sc r ib e s  a f i r s t - o r d e r  r e a c t io n  and co n seq u en tly
measurement of th e  term  -dS i s  d i f f i c u l t  s in c e . th e  p ro g re s s  curve of
d t
th e  r e a c t io n  does n o t d is p la y  any l i n e a r  re g io n s . In  t h i s  c ase , k^ 
i s  e v a lu a te d  by u s in g  th e  in te g r a te d  form o f eq u a tio n  ( IO) ,
8 e p a ra t in g , th e  v a r ia b le s  and in t e g r a t i n g  y i e l d s : -
In 8 k, ,L , t ( 11)
8
Where t  = e lap se d  r e a c t io n  tim e (min)
8 = s u b s t r a te  c o n c e n tra tio n  a t  tim e t  = zero  (mol omT^)
8 = s u b s t r a te  c o n c e n tra tio n  a t  tim e t  (mol cm ^)
E q u a t io n ( l l )  perm its  th e  c a lc u la t io n  o f th e  param eter k. , which has
th e  u n i t s  o f cm min"" and i s  used  as a  measure o f th e  c a t a ly t i c
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1 .7  ' ' .
In  a i l  a ssays a l im i t  of 2^ co n v ers io n  of s u b s t r a te  p e r pass o f ■ I 
th e  enzyme tu b e  was r ig o ro u s ly  m a in ta in ed , in  o rd e r to  m inim ise e r r o r s  4 . 
a r i s in g  th rough  ra p id  co n v ers io n  of s u b s t r a te .  This c o n tro l  was e f f e c te d  
by c a r e fu l  ch o ice  of th e  le n g th  of enzyme tu b e  su b m itted  f o r  a s s a y . In.,' • -
p r a c t i s e ,  length s of betw een 15 om and 50 om were employed, depending 744
upon th e  a c t i v i t y  o f th e  d e r iv a t iv e s ,  '
.
: - 7' .. r
Im m obilised enzyme a c t i v i t y  was a ls o  m easured by means of a  s in g le  
pass assay  system  in  th e  fo llo w in g  m anner. The su b stra te  in  th e  approp­
r i a t e  b u f fe r  was p e rfu se d  th ro u g h  th e  enzyme d e r iv a tiv e  cat a  flow  r a t e  ■
■
th a t  ensured  con v ers io n  o f between 10 -  $0^ of th e  s u b s t r a t e .  A f te r  
perfusion  of th e  tu b e  f o r  5 min, a  sam ple of th e  tube e f f lu e n t  wa,s
c o l le c te d  and an a ly se d  f o r  e i th e r  th e  fo rm atio n  o f p roduct o r th e  
u t i l i s a t i o n  of s u b s t r a t e .
In  th e  fo llo w in g  m athem atica l treatm ent of th e  system , th e  e f f e c t  
o f d i f fu s io n  has been ignored f o r  th e  reaso n s  « sta ted  in  th e  p rev ious  
s e c t io q .
The in te g r a te d  r a t e  eq u a tio n  s t a t e s  th a t : -
(8 -  8 ) + K .In  (8 /  S) = V .t ......................................... (12)
w here 8 = I n i t i a l  s u b s t r a te  c o n c e n tra tio n  (mol cm )
8 = S u b s tr a te  c o n c e n tra tio n  a t  tim e t  (mol cm
K = M ich ae lis  c o n s ta n t (mol cm
V = R eac tio n  v e lo c i ty  (mol min "* cm
t  = Time of  r e a c t io n  (min)
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e= k^ ,L 
2 IT .r.L .E I
k t (7 )
2 I t  ,r.E _a
« Tube s p e c i f io  a c t i v i t y  (mol min cm )
= S p e c if ic  a c t i v i t y  o f im m obilised  enzyme (mol min  ^ mg
-3 'E = V olum etric  c o n c e n tra tio n  of th e  enzyme (mg cm )
Thus
a S u rfa c e  c o n c e n tra tio n  o f enzyme in  th e  in n e r  s u r fa c e  o f th e  
tu b e  (mg cm 
R adius of enzyme tu b e  (cm)
Length o f enzyme tu b e  (cm)
kt
2 rr r .S .a
k,.
Tr.r (15)
In  th e  case  of a n y lo n -tu b e  im m obilised  enzyme, t ,  th e  tim e o f  c o n ta c t o f 
th e  enzyme w ith  i t s  s u b s t r a te s ,  i s  th e  resonance tim e o f  th e  s u b s t r a te  in  , 
bho tu b e
T h e re fo re ,
t _r .i r .L
w here
and.
Q volu^i^Gtric flow  r a t e  o f s u b s t r a te  th ro u g h  tu b e  (cmY min*".^)





where P = c o n c e n tra tio n  o f p roduct (mol cm ^) 
th e r e f o r e ,  s u b s t i tu t in g  in  eqn 12 
P 4- K 1n 8 /  8 -Po ' 0
Or
k^.L K ,1n (8^, /  8^ -  P) (17)
m
Æ  ■ '     "7% I , When c o n s id e r in g  th e  s in g le  pass a ssay  system  as a  means of m o n ito rin g
•4’
i ' f
nyloh-tube im m obilised  c a ta la s e  s t a b i l i t y ,  rearrangem ent o f Eqn 17
4 4  ' . 1 % -M ........ OS.
o
o' n| / i But KA) 8^ as c a ta la s e  obeys f i r s t  o rd e r  k in e t i c s .  T h ere fo re  th e  term
8 ~ S  becomes i n s ig n i f i c a n t ,■4/
A  ' 8 ^ -  P K .Q
or,
Y / Y  Ln ■"
K . Q/ ' I ; '  "  —    (^9)  ,I I? (3 }. '4M  Thus Ln 2 s  i s  d i r e c t l y  p ro p o r t io n a l  to  th e  tube  s p e c i f i c  a c t i v i t y  (k . ) y:f
f  '' .*1^ Y s \  \
’ V  p o f th e  im m obilised  c a ta la s e  d e r iv a t iv e  under th e  d e f in e d  a ssay  c o n d i t io n s ,  |.
4  =) In  p r a c t i s e ,  when m o n ito rin g  th e  s t a b i l i t y  of n y lo n -tu b e  im m obilised
T f
^  i " c a ta la s e  to  HqOx a t  pH 6 ,9  and 25°C, th e  f lo w -ra te  of th e  s u b s t r a te  ,, J1 ' C. C. . ■- *'
and th e  le n g th  of th e  d e r iv a t iv e  were always m ain ta in ed  a t  2 .9  ml min  ^ -4
' , ' .'' h \  . and 1,5 m r e s p e c t iv e ly .  In  t h i s  manner th e  s t a b i l i t y  o f v a r io u s  . -v
^  t, f  d e r iv a t iv e s  cou ld  be d i r e c t l y  compared,
(5 3 . 5 ,4  C a ta la t ic  A c t iv i ty  o f N ylon-Tube im m obilised  C a ta la s e  U sing th e
^  R ecir cu la tio n  Assay
■4'' The r e s e r v o i r  co n ta in e d  100 ml 1 ,0  mM-HgOg in  0,1  M -phosphate, pH. 6 ,8 ,
' At in t e r v a l s  of 3 min, 0*2 ml a l iq u o ts  were withdrawn from th e  r e s e r v o i r
0  , and assay ed  f o r  HgOg d e p le tio n  in  th e  fo llo w in g  manner. The a l iq u o ts  were
" pl aced in  1.7 ml o f 4 mM-ABTS in  0 ,05  M -phosphate, pH 6 .9 , c o n ta in in g  50
 ^ p e ro x id a se . The m ix tu re  was in c u b a ted  a t  25^0 f o r  10 min to  a llow  th e  ,
'^0 , 1/ r e a c t io n  to  go to  co m p le tio n , whereupon i t s  e x t in c t io n ,  a t  610 nm, was read*
S ta n d a rd  curves were com piled by s u b m ittin g  0 ,2  ml a l iq u o ts  o f s ta n d a rd is e d !' ' . .
 ^ / H^Og to  th e  same tre a tm e n t.  The d e p le tio n  of HpOp in  th e  a ssay  was th en
0  4 ,4  fo llo w ed  by com parison w ith  th e  s ta n d a rd  cu rv e . - «
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3. 5.5  }?eroxiclatio A c tiv ity  of Nylon-Tu.'be Imm obilised C a ta la se  Using
th e  R e c irc u la tio n  Assay
The r e s e rv o ir  co n ta in ed  100 ml 1 mM-IIgOg, and 2,5  M-methanol in
0,1 M -phosphate, pH 6 , 9 » At in te r v a ls  of 2 min, 0 .2  rnl a l iq u o ts  were
withdrawn from th e  r e s e rv o ir  and assayed  fo r  formaldehyde u s in g  th e
Hants sell re a c tio n  (25, ) .  The a l i q u o t s  were added to  a  m ixture oon-
I-lin ing  50 ^umoles a c e ty la c e to n e , 8OO umoles m ethanol, 300 yimoles
HH.HpPO,; pH 6 ,0 , in  a  f i n a l  volume o f 0 ,5  ml. T h e re a f te r  th e  m ixture 4 ^ 4
was in cubated  a t  37 0 f o r  20 min and i t s  absorbance a t < 412 nhi m easured,- 
S tandard  curves were com piled by su b m ittin g  0 ,2  ml a l iq u o ts  of s ta n d a rd ­
is e d  HCHO to  th e  same tre a tm e n t. The emergence of ECHO was th en  fo llow ed  
by comparison w ith  th e  s tan d a rd  cu rve,
3 . 5.6  Kylon-Tube Im m obilised Glucose Oxidase A c tiv ity  U sing th e
R e c irc u la tio n  Assay
The r e s e rv o ir  co n ta in ed  100 ml 0 ,3  rri[<I-glucose in  O.O5 M -phosphate, 
pH 6 .8 , m ain ta ined  a t  25°C, At 5 min in te r v a ls ,  1,0 ml a l iq u o ts  were 
w ithdrawn and assayed  f o r  g lucose d e p le tio n  u s in g  th e  coupled re a c tio n  
o f hexokinase and g lucose-6 -p h o sp h a te  deliydrogenase. The a l iq u o ts  were 
added to  a m ixture c o n ta in in g  100 n f i - t r i s ,  pH 7*8, 3 iiM-MgClgs 0 .2  mM- 
ATP, 0*2 mM-HADP, 10 jug hexokinase and 10 yig g luoose-6 -phosphate  dehyd­
rogenase in  a f i n a l  volume of 3 ml. The m ixture was in cu b a ted  fo r  
40 min a t  25°C  t o  allow  the  re a c tio n  to  go to  com pletion , whereupon *.- ■  ^
th e  e x t in c tio n  a t  340 nm was m easured. 1.0 ml a l iq u o ts  of s ta n d a rd ise d  
g lu co se  so lu tio n s  were a lso  subm itted  to  th e  above procedure and s ta n d a rd  
curves com piled. From comparison w ith  th e se , th e  r a te  of d e p le tio n  o f  
g lucose  was m onitored.
3 . 5*7 Hylon-Tube Co-im m obilised Glucose Oxidase and C a ta la se  U sing 
th e  R e c irc u la tio n  Assay
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in  0*05 M -phosphate, pH 6 . 9 . The coup led  r e a c t io n  was fo llo w ed  by th e  
w ithdraw al o f a l iq u o ts  from th e  r e s e r v o i r  and t h e i r  a n a ly s is  f o r  
form aldehyde as d e sc r ib e d  in  s e c t io n  3 . 5 , 5 .
3 , 5 .8  Nylon-Tube Im m obilised Aldehyde Dehydrogenase U sing  t h e ' 
R e c irc u la t io n  Assay
tThe r e s e r v o i r  c o n ta in e d  20 yimoles ace ta ld eh y d e , 4 ^umoles NAD ,
10 jimoles' d i t h i o e r y t h r i t o l ,  100 jumoles EDTA, 4 mmoles KOI, and 2 mmoles 
t r i s ,  pH 8 ,5  in  a  f i n a l  volume o f 20 m l, A f lo w -c e l l  was en co rp o ra ted  
in to  th e  r e c i r c u la t io n  a ssay  system  a t  p o in t X and th e  p ro d u c tio n  of 
NADH m onito red  sp e c tro p h o to m e tr io a lly  a t  340 nm. An e o f 6 ,22 x lO'^
f o r  NADH was used  th ro u g h o u t.
3 .6  AUT0ANALY8I8
A u to an a ly sis  system s wore c o n s tru c te d  from s ta n d a rd  AA 1 Teclmicon 
m odules. E x tin c tio n  wore m easured by p a ss in g  th e  de-bubb led  stream  
th ro u g h  d 1 om l ig h t - p a th  flow  c e l l  c o n ta in e d  in  a,Beckmann DB s p e c t­
rop h o to m ete r.
R eagent d i lu t io n s  in  th e  system s w ere p e r io d ic a l ly  checked to  
en su re  th e  u n ifo rm ity  o f th e  pumping r a t e s .  This was done by sam pling 
an NADH s o lu t io n  of icnown e x t in c t io n  and su b seq u en tly  m easuring th e  
e x t in c t io n  of th e  d i lu te d  sam ple. Comparison of th e  two measurements 
en ab led  th e  a c tu a l  d i l u t io n  of th e  system  to  be c a lc u la te d  and compared 
w ith  th e  nom inal p u m p -ra tes . V o lum etric  flow  r a te s  were e s tim a te d  by 
th e  measurement o f th e  q u a n t i ty  of l i q u id  c o l le c te d  over a  10 min 
p e r io d .  The fo llo w in g  a b b re v ia tio n s  a re  used  in  th e  schem atic  
r e p r e s e n ta t io n  of th e  flow  s y s te m s :-

























S h o rt m ixing c o i l  
Delay c o i l  
D e-hnhhler 
D ia ly se r  
VI as te
Enzyme Tube 
Sample l i n e  
S p ec tro p h o t omet or
3*6,1 S t a b i l i t y  o f I'lylon-'Pahe Im m obilised C a ta la se
The s t a b i l i t y  o f n y lo n -tu b e  im m obilised  c a ta la s e  d e r iv a t iv e s  to  
con tin u o u s exposure to  10 ndWIpOg was s tu d ie d  a t  pH 6 ,9  8,nd 25°G. A 
1,5 m le n g th  of th e  d e r iv a t iv e  was in c o rp o ra te d  a t  p o s i t io n  ET in  th e  flow  
system  d e sc r ib e d  in  F ig  6 , The a c t i v i t y  of th e  tu b e  was m onitored  by 
th e  measurement of th e  u n co n v erted  HgOg is s u in g  from th e  tu b e . This 
was done by th e  a d d i t io n  o f ac id -K I to  th e  tube e f f lu e n t  and m easure­
ment o f th e  e x t in c t io n  a t  349 nm. The system  was in t e r m i t t e n t ly  
c a l ib r a t e d  by th e  rem oval of th e  enzyme tu b e  and th e  a n a ly s is  o f 
s ta n d a rd  HgOg s o lu t io n s .
3 .6 ,2  The e f f e c t  o f pH on th e  A c t iv i ty  of Nylon-Tube Im m obilised
G lucose Oxidase
The e f f e c t  of pH on th e  a c t i v i t y  of n y lo n -tu b e  im m obilised  g lu co se  
o x id ase  was in v e s t ig a te d  by i t s  in s e r t io n  a t  p o s i t io n  ET in  th e  flow  
system  d e sc r ib e d  in  F ig  7* 4 s o lu t io n s  of g lu co se  were sampled and
th e  HgOp produced from th e  g lu co se  o x id ase  r e a c t io n  was m easured by means 
o f th e  ac id -K I te c h n iq u e . In  p r a c t i s e ,  th e  le n g th  o f d e r iv a t iv e  was 
chosen such th a t  n e i th e r  th e  d e p le t io n  of d is s o lv e d  oxygen n o r g lu co se  
exceeded 15^', In  most c a s e s ,  a  50 cm le n g th  was found to  s a t i s f y  th e se  
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-:F 54and th e  a n a ly s is  of s ta n d a rd  HgOg s o lu t io n s ,
3 ,6 ,3  The E ffe c t o f pH on th e  A c tiv i ty  of N ylon-tube O o-im m obilised 
G lucose O xidase and C a ta la se# .1', IM*
t The e f f e c t  of pH on th e  a c t i v i t y  of B ïM -su b s ti;b u te d  n y lo n -tu b e  
oo-im m obilised  g lu cose o x id ase  and c a ta la s e  was in v e s t ig a te d  by means 
c f  i t s  in s e r t io n  a t p o s it io n  BT in  the flow  system d escrib ed  in  F ig  8a .
I n ' t h i s  c a se , th e  H.Og produced from th e  g lucose  o x idase  r e a c t io n  was
V ■- ■ 'S,; ,monitored by i t s  co n v ers io n  to  ECHO u s in g  th e  p e ro x id a t ic  r e a c t io n  . -
.o f  c a t a la s e .
The form aldehyde p ro d u c tio n  was measured by means o f th e H antzsoh 
r e a c t io n  (25 ) .  The whole r e a c t io n  sequence i s  s c h e m a tic a lly  re p re s e n te d  
in  F ig  9 . S tan d a rd  s o lu t io n s  o f ECHO were p rep ared  im m ediately  p rior  to  
u se  and stored  on ic e  to  p rev en t any anom olies a r i s in g  from th e  low 
b o il in g  point o f ECHO. The system was c a l ib r a te d  by th e  rem oval o f th e  
enayme tube and the a n a ly s is  o f th e standard ECHO solutions^^^
g lu co se  o x idase c a ta la s e HCH0-+2H.0G lucose 4- Og --------------------- N -g lu co n o lac to n e  4- HgOg methanol
o ( - ) :
Me
ECHO + NE.* + CH^CO.OHgCO'OE^ Ke
M e'^ i'lG
F ig . 9 . A nalysis o f g lu c o se  u s in g  g lu co se  oxidase, c a ta la s e  and th e  
th e  H antzsch  r e a c t io n .
3 .6 ,4  The Peroxidation  R eac tio n  of Nylon-Tube Im m obilised C a ta la se  
The p e ro x id a tic  rea c tio n  o f n y lo n -tu b e  im m obilised  ca ta la se  was, 
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p o s i t io n  ET in  th e  flow  system  d e sc r ib e d  in  F ig  8b, The ÎÎCHO produced 
from th e  r e a c t io n  o f c a ta la s e  was m onito red  by means o f th e  H antzsch ■  ^ ; 
r e a c t io n  as d e sc r ib e d  in  s e c t io n  3 .6 ,3 .  The system  was c a l ib r a te d  by 
th e  rem oval o f th e  enzyme tu b e  and  th e  a n a ly s is  o f s ta n d a rd  HGHO 
s o lu t io n s ,
3,6,5*- D e te r m in a t io n  of G lucose u s in g  Nylon-Tubo C o-im m obilised
G lucose O xidase and C a ta la se
G lucose was determ ined  a t  pH 6*9 and 25°C by th e  in c o rp o ra tio n  o f 
a le n g th  o f TB ÎD Â -substituted n y lo n -tu b e  co-irnm obilised  g lu co se  ox idase  
and c a ta la s e  in  th e  flow  system  d e sc r ib e d  in  F ig  80 . The HgOp produced 
Prom th e  g lucose  ox idase  r e a c t io n  was m onitored  by i t s  co n v ers io n  to  
HCHO u s in g  t h e  p e ro x id a tic  a c t i v i t y  o f c a t a la s e .  The HGHO produced 
from th e  c a ta la s e  r e a c t io n  was m easured by means of t h e  H antzsch 
r e a c t io n .  The whole r e a c t io n  sequence i s  s c h e m a tic a lly  showi in  F ig  9*
The system  was c a l ib r a t e d  by th e  a n a ly s is  of s ta n d a rd  HgOg, HGHO and 
g lu co se  s o lu t io n s ,  • /
3, 6 , 6 . D eterm ination  o f Serum Glucose u s i n g  H y lo n -T u b e  G o - im m o b ilis e d
G lucose O xidase and C a ta la se
Serum g lu co se  was de term ined  a t  pH 6 ,9  and 25^0 b y  t h e  in c o rp o r­
a t io n  o f  a l e n g t h  of îïïîD A -substitu ted  n y lo n -tu b e  co -im raob ilised  g lu co se  
ox id ase  and c a ta la s e  a t  p o s i t io n  ET in  th e  f lo w  system  d e sc r ib e d  in  
F i g  10a, The HgOg Pi'oduoed  from  th e  g lu c o se  ox idase  r e a c t io n  was 
m on ito red  by i t s  c o n v e rs io n  to  HGHO u s in g  th e  p e ro x id a t ic  a c t i v i t y  
o f c a t a la s e .  The ECHO produced from th e  c a ta la s e  r e a c t io n  was m easured , 
by means o f th e  H antzsch r e a c t i o n .  The whole r e a c tia i  sequence i s  
s c h e m a tic a lly  re p re s e n te d  in  F ig  9* The system  was c a l ib r a te d  by th e  
a n a ly s is  o f s ta n d a rd  HpOg, HCHO and a q u eo u s g lucose  s o lu t io n s .
3 , 6 . 7 . Dot e r m in a t io n  o f  Glucose u s in g  S 0p a ra te ly  I'mrnobilised
D e riv a tiv e s  o f G lucose Oxidase and C a ta la se  in  S e r i e s  ■
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"lengths o f M D A -su b stitu ted  n y lo ii- tu b e  im m obilised  d e r iv a t iv e s  of g lu co se  
oxidase and c a ta la s e  a t  p o s it io n s  ET^ and ETg r e s p e c t iv e ly  in  th e  f lo w  
oy^bem d e sc rib e d  in  F ig  8d , The EpOg produced from th e  g lu co se  ox idase  
re a c tio n  was m onitored  by i t s  co n v ers io n  to  HCHO u s in g  th e  p e ro x id a tic  
aol Lvity of c a ta la s e .  The IÏCHO produced from th e  r e a c t io n  o f c a ta la s e  was 
measured by means of th e  H antzsch  r e a c t io n .  The whole r e a c t io n  s e q u e n c e  
IS sc h e m a tic a lly  re p re s e n te d  in  F ig  9* The system  wan c a l ib r a te d  by ■ 
an a ly s is  of s ta n d a rd  HpOp, HGHO and g lu co se  s o lu t io n s .
3 .6 .8 .  D eterm ination  o f Scrum G lucose u s in g  S e p a ra te ly  Im m obilised 
D e r i v a t i v e s  of G lucose O xidase and G a ta la se
Serum g lu co se  was d e term ined , a t  pH 6 ,9  and 25°C by th e  in c o rp ­
o ra tio n  o f le n g th s  o f M D A -su b stitu te d  n y lo n -tu b e  im m obilised  d e r iv a t iv e s  
of g lu co se  ox idase  and c a ta la s e  a t  p o s i t io n s  ET. and  ETg r e s p e c t iv e ly  
in  th e ,f lo w  system  d e s c r ib e d  in  F ig  10b, The HpOg produced from  th e  
g lucose ox id ase  r e a c t io n  was m on ito red  by i t s  co n v ers io n  t o  HGHO u s in g  
th e  p e ro x id a tic  a c t i v i t y  o f c a t a la s e .  The HCHO produced from th e  
c a ta la s e  r e a c t io n  was m easured by means o f th e  H antzsch  r e a c t io n .  The 
whole r e a c t io n  sequence i s  s c h e m a tic a lly  re p re se n te d  in  F ig  9* The 
e y  tern was c a l ib r a te d  by th e  a n a ly s is  o f s ta n d a rd  s o lu t io n s  o f HpOp,
HGHO and aqoous g lu c o se .
i f  i
Glucose
g lu co se  ox idase
Oxygen
c a ta la s e
■^-gluc on o lac  t  on e -f H^Op
E thano l a c e t aldehyde
Aoobaldehyde + .aldoh,yde delydrogonat|o
+ HgO
+ NADH
P ig  11, A n alysis  o f g lu c o se  u s in g  g lu c o se  o x id a s e ,  c a ta la s e  and 
end aldehyde dehydrogenase ,
37 1 1
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3 . 6 . 9 * D eterm ination  of Serum Glucose u s in g  Nylon-Tabe Immobilised
D e riv a tiv e s  of G lucose O xidase, G a ta la se  and Aldehyde 
Dehydrogenase in  S e r ie s
Serum g lu co se  was de term ined  a t  pH 6 ,9  and 25^0 by th e  in c o rp o ra tio n  
of n y lo n -tu b e  d e r iv a t iv e s  o f g lu co se  o x id ase , c a ta la s e  and a ld e h y d e  
dehydrogenase a t  p o s i t io n s  BT^, lüT  ^ and ET^ in  th e  flow  system  d e s c r ib e d ' 
in  P ig  12. ^
.The HgOp produced from th e  g lu co se  ox idase r e a c t io n  was m onito red  
by i t s  co n v ers io n  to  a ce ta ld eh y d e  u s in g  th e  p e ro x id a tic  a c t i v i t y  o f 
c a t a la s e .  The ace ta ld eh y d e  produced by t h i s  r e a c t io n  was in  tu rn  
m on ito red  by th e  aldeiiyde dehydrogenase re a c t io n  where i t  wan co n v erted  
to  a c e ta te  w ith  th e  p ro d u c tio n  o f KADH. The fo rm atio n  of HADH was 
m easured sp e c tro p h o to rn e tr io a lly  a t  340 nm. The whole r e a c t io n  sequence 
IS sc h e m a tic a lly  re p re s e n te d  in  P ig  11. The system  was c a l ib r a te d  by 
th e ,a n a ly s i s  o f s ta n d a rd  s o lu t io n s  o f g lu c o se .
3 .6 ,1 0 .  Det e r m in a t io n  of G lucose u s in g  Hylon-Tube Co-Imm obilised.
Glucose O x id a se  and C a t  a la s  o i n  G on.junction w ith  a  
Flow-Through O xygen E le c tro d e
G lucose was de term ined  a t  pH 5*6 and 25°G b y  th e  in s e r t io n  o f a 
h lîD A -su b stitu ted  ny lon  tu b e  co -im m ob ilised  d e r iv a t iv e  of g lucose  
o x id ase  and c a ta la s e  a t  p o s i t io n  ET in  th e  flow  system  d e sc r ib e d  in  
P ig  13. The oxygen u t i l i s e d  by th e  g lu co se  oxidase r e a c t io n  and no t 
re p la c e d  by th e  c a ta la s e  r e a c t io n  was m onitored  by th e  in c lu s io n  o f a 
flo w -th ro u g h  oxygen e le o tro d e ( ‘36 ) i n t o  th e  system  a t  p o s i t io n  0 , The 
in s tru m e n t was c a l ib r a te d  w ith  100 b^ a i r  s a tu r a te d  w a te r  by th e  passage  
o f l i q u id  th rough  th e  system . C a l i b r a t i o n  w ith  0^ s a tu r a te d  w a te r was 















F ig  6 , Flow system  u sed  fo r  th e  s tu d y  o f th e  s t a b i l i t y  o f 
n y lo n -tu b e  im m obilised  c a t a l a s e .
The com position  and flow  r a te s  of th e  v a r io u s  pump tu b in g  lin e ^  






0 .05  M -phosphato, pH 6 ,9  
A ir 
136 mM-HgOg 
E ff lu e n t  from enzyme tube  
0 . 5  M -NaO l, 1^ Tween 
A ir 
3 . 0  M-HCl 
0 .3  M-KI 
( To W aste )
FEW RATE (ml r -------------
2 .9  
0.6  
0 .2 3  
0.1







The n y lo n -tu b e  im m obilised  c a ta la s e  was in s e r te d  a t  p o s i t io n  ET anni
m a in ta in ed  a t  25°C, The 30 tu rn  d e lay  c o i l  was m a in ta in ed  a t  37^ 0i
E x tin c t io n s  were m easured a t  349
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P ig  5» F o r d .r e c i r c u la t io n  a s sa y  fo r  th e  d e te rm in a tio n  
o f  n y lo n -tu b e  im m obilised  enzyme a c t i v i t y .
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P ig  7 . Plow system  used  f o r  th e  d e te rm in a tio n  o f th e  e f f e c t  of 
pH’upon th e  a c t i v i t y  o f n y lo n -tu b e  im m obilised  g lucose
o x id a s e ,
The com position  and flow  r a t e  of t h e  v a rio u s  pump t u b in g  l in e s  






5 0 .5  M-KI
6 ( To W a ste  )
■ H f m
FLW RATE (m l m%
^ R ea g en t E com prised O.O5 M -A o e ta te  or O.O5 M -Phosphate t  i  t  r a t  ed: 
t h e  a p p r o p r ia t e  pH,
The n y lo n -tu b e  im m obilised  enzyme was in s e r t e d  a t  p o s i t io n  ST a n d ^  
t a i n e d  a t  25^0, The 30 tu rn  d e lay  c o i l  was m a in ta in e d  a t  37^0.- 
’E x tin c t io n s  were m easured a t  349 nm. A sa m p le iw a sh  r a t i o  o f 2; 
u sed  th ro u g h o u t and sam ples were a n a ly s e d  a t  a. r a t e  of 30 p e r  houk
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Pig- 8 a . Plow system  u sed  f o r  th e  d e te rm in a tio n  of th e  e f f e c t  of
pH on th e  a c t i v i t y  of n y lo n -tu h e  oo-im m ohilised  g lu co se
ox idase  and c a t a la s e .
The com position  and flow  r a t e  o f th e  v a r io u s  pump tu b in g  l in e s  w ere 
as fo llo w s
LINE PLCM RATE (ml mln ) 
1.4 
' 0 .6  
0 . 2 3  
1.0 
2.0
1 -)(- He agen t A
■ 2 A ir
3 4 mM-gluoose
4 ' ** R eagent B
5 ( To W aste )
•>< R eagent A com prised : 2 ,5  M -methanol, 0 .05  M~phosphate o r 0 ,05  M- 
a c o t a t e , t i t r a t e d  to  th e  a p p ro p r ia te  pH.
** R eagent B com prised : 0 .82  M ~ acety lacetone, 2 ,5  M -methanol in  
1 .0  M-NH.H2PO4 , pH 6 . 0 , \
The oo-^i'nmohilised enzyme d e r iv a t iv e s  was in s e r t e d  a t  p o s i t io n  BT, and 
was m a in ta in ed  a t  a  te m p e ra tu re  of 25°G. The 30 turn d e lay  c o i l  was 
m a in ta in ed  a t  37 0 . E x tin c t io n s  were m easured a t  412 nm, and a  sam ple: 
wash r a t i o  o f 2; 1 was u sed  throughout. Samples were assay ed  at- a  r a t e  
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F ig  8b . Flow system  u sed  to  s tu d y  th e  p e ro x id a tic  a c t i v i t y  o f 
n y lo n -tu b e  im m obilised  c a ta la s e .
The com position  and flow  r a t e s  o f th e  v a r io u s  pump tu b in g  l in e s  were 
as f o l lo w s : -
REAGMT








rLOf RATE (ml min )
^ 2 
R eagent B
( To W aste )
R eagent A com prised : 2*5 M -methanol in  0 ,05 K -phosphate , pH 6*9
** R eagent B com prised ; 0 .82  M -ace ty lao e to n e , 2*5 M-methanol in
1 .0  pH 6 .0 .
The im m obilised  enzyme d e r iv a t iv e  was in s e r t e d  a t  p o s i t io n  ET, and was 
m a in ta in ed  a t  a  te m p era tu re  of 25°C. The 30 tu rn  d e lay  c o i l  was 
m a in ta in ed  a t  37^0, E x tin c t io n s  were measured a t  412 nm and a  
sam ple:w ash r a t i o  o f 2:1 was used  th ro u g h o u t. Samples were assay ed  a t  
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F ig  8 c . Flow system  u sed  f o r  th e  d e te rm in a tio n  o f g lu co se  u s in g
n y lo n -tu b e  co -im m ob ilised  g lu co se  ox idase and c a ta la s e .
The com position  and flow  r a t e s . o f th e  v a r io u s  pum p-tubing l in e s  were 
as f o l lo w s : -
REAGENT
^  R eagent A '
A ir
G lucose Sample 
*-x- R eagent B 
5 ( T o  Waste )
* R eagent A com prised : 2 .5  M-methanol in  O.O5 H ~phosphate, pH 6 ,9  
•>!•* R eagent B com prised ; 0 .8 2  M -ace ty lace to n e , 2 ,5  M -methanol in
1 .0  1ÆI 6 .0
The co -im m obilised  enzyme d e r iv a t iv e  was in s e r te d  a t  p o s i t io n  ET and 
m a in ta in ed  a t  25^0. The 30 tu rn  d e la y  c o i l  was m a in ta in ed  a t  3 7 °G ., 
E x t in c t io n s  were m easured a t  412 nm and a sam ple:w ash r a t i o  o f 2:1 
was u sed  th ro u g h o u t. Samples were assayed  a t  a  r a t e  o f 60 p er hour 





FLa-T RATE (m l'm in" ) 
1.2 
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F ig  8d, Flow system  u sed  fo r  th e  d e te rm in a tio n  o f g lu co se  u s in g
s e p a ra te ly  im m obilised  n y lo n -tu b e  d e r iv a t iv e s  o f g lu co se  o x id ase  
and c a ta la s e  in  s e r i e s .  q
The com position  and flow  r a t e  of th e  v a r io u s  pum p-tubing l in e s  was 
as f o l lo w s ; -  ‘ ' I
LteE REAGENT
1 * R eagent A
2 A ir
3 , G lucose Sample
4 ** R eagent B
5 ( To w aste  )






* R eagent A com prised ; 2 ,5  M-methanol in  O.O5 H -phosphate , pH 6 . 9 .
-X-*R eagent B com prised : 0 . 8 2  M -ace ty lace to n e , 2 ,5  M -methanol in
1 . 0  M ^ m ^ H g P O . ,  p H  6 . 0 .
Q?he n y lo n -tu b e  im m obilised  d e r iv a t iv e s  o f g lucose  ox idase  and c a ta la s e  
were in s e r t e d  a t  p o s i t io n s  ET^, and ETg r e s p e c t iv e ly .  The im m obilised  
enzymes were m afh ta ined  a t  25°C and th e  30 tu rn  d e lay  c o i l  a t  37^0. 
E x tin c t io n s  were m easured a t  412 nm and a sam ple;v/ash r a t i o  o f 2;1 
u sed  th ro u g h o u t. Samples w ere assayed  a t  a. r a t e  of 60 p e r hour u n le s s  
o th e rw ise  s p e c i f ie d .
■fi
- ■ '■? 
- . 5 1  
l - l
• A ? l -
• VV I '
# '  if
' : " T .
t) )
V i \ '.* ,
II
'#4%'I












li F ig  8 (a ~ d ) ,
'"' % r't’’ »*' ’^ ‘ji
-' ' ^■ V 5
F ig  10a* Flow system  used  f o r  th e  d e te rm in a tio n  of serum g lucose
w ith  n y lo n -tu b e  co -im m obilised  g lucose  ox idase  and
c a ta la s e .
The com position  and flow  r a t e  o f th e  v a r io u s  pum p-tubing l in e s  were 
as fo llo w s
LINB ' RmGMT
1 * Reagent A
2 A ir
3 Serum Sample
4 R eagent A
5 A ir
6 * R eagent B
7 ( To W aste )
^R eagent A com prised : 2*5 M-methanol in  0.0$ M -phosphate, pH 6*9
■ **R@agent B com prised : 0 ,82  M -ao e ty lace to n e , '2 ,5  M-methanol in
1.0 M ^ H ^ H g P O  ,  p H  6.0 
The n y lo n -tu b e  co -im m ob ilised  enzymes were in s e r te d  a t  p o s i t io n  FT, and 
m a in ta in ed  a t  37^0. The 30 tu rn  de lay  c o i l  was a ls o  m ain ta in ed  a t  37 
E x tin c t io n s  were m easured a t  412 nm and a sam ple:wash r a t i o  of 2:1 was 
used  th ro u g h o u t. U n less  o th e rw ise  s p e c if ie d ,  sam ples were assayed  a t  a  
r a t e  o f 60 per h ou r.
FLŒf RATE (ml min )
' ■ A
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F ig  10b. Flow system  u sed  f o r  th e  d e te rm in a tio n  o f serum g lu co se  w ith
s e p a ra te ly  im m obilised  n y lo n -tu b e  d e r iv a t iv e s  o f g lucose
ox idase  and c a ta la s e  in  s e r ie s *
The com position  and flow  r a te s  of th e  v a r io u s  pum p-tubing l in e s  was 
as f o l lo w s : -







7 ( T o  W aste )
^Reagent A com prised : 2*5 M -methanol in  0 .05  M -phosphate, pH 6 .9
'''•’^ ■Reagent B com prised ; 0 .82  M -ace ty lace to n e , 2 ,5  M -methanol in
1 .0  M-im HgPO , pH 6 .0 .
FLÜ'Î RIiTB (ml. min )







The n y lo n -tu b e  im m obilised  d e r iv a t iv e s  o f  g lucose  o x id ase  and c a ta la s e  
were in s e r t e d  a t  p o s i t io n s  ET  ^ and ETg r e s p e c t iv e ly .  The 30 tu rn  d e lay  
c o i l  and th e  enzyme d e r iv a t iv e s  were m ain ta in ed  a t  37°C, E x tin c tio n s  
w ere m easured a t  412 nm and a sam ple:vjash r a t i o  o f 2:1 was used 
th ro u g h o u t. U nless o th e rw ise  s p e c i f ie d ,  sam ples were assay ed  a t  a  
r a te  o f 60 p e r h ou r.
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F ig  10( a ,b ) .
F ig  12. Flow system  u sed  f o r  th e  d e te rm in a tio n  o f serum glucose 
u s in g  n y lo n -tu h e  im m obilised  d e r iv a t iv e s  o f g lucose  oxidt 
c a ta la s e  and a ldehyde dehydrogenase in  s e r i e s .
FLm RATS (ml rnin"')^
The com position  and flow  r a te s  of th e  van ious pump-tubQing lin es  , 
w ere as f o l lo w s :-  I
LINB RMGSMT _
1 ^Reagent C 1,6
2 A ir 0 .6
3 Serum Sample 0 .42
4 *Reagent C 2 .0
5 A ir ' 0 .6
6 *-*Roagent h 0 .23
7 ( To W aste ) 2 .0
-% eagent 0 com prised 
#*Reagent D com prised
2 ,5  M -ethanol in  0 .05  M -phosphate, pll 6,9 ’
2 ,5  mM-NAD , 2 .5  m K -d ith io e ry th r i to l ,  1,0t 
50 mM-EDTA, in  0 .5  M tr is , pH 8 .7 .
The n y lo n -tu b e  im m obilised  d e r iv a t iv e s  of g lu co se  o x id a se , catalase,L
W ;'aldehyde dehydrogenase were in s e r t e d  a t  p o s i t io n s  ET., STp, ET. 
r e s p e c t iv e ly ,  and m a in ta in ed  a t  a tem p era tu re  of 37°C. A2;1 sample'^^  ^ r
r a t i o  was used  th ro u g h o u t. E x tin c tio n s  were measured a t  340 nm, .























F ig  13. Flow system  u sed  f o r  th e  d e te rm in a tio n  o f g lu co se  using,, 
n y lo n -tu b e  co -im m ob ilised  g lu co se  ox idase  and c a ta la s e  in 'l j  
co n ju n c tio n  w ith  a  flo w -th ro u g h  oxygen e le c tro d e .
The com position  and flow  r a t e  of th e  v a r io u s  pum p-tubing l in e s  werj 
as fo llo w s
im E  RFAOmT
1 Glucose Sample
2 0 .1  M -A cetate, pH 5 ,6
3 A ir
4 (To H aste)
The nylon-tube co -im m ob ilised  g lucose  ox idase  and c a ta la s e  derivai|
was in s e r t e d  a t  p o s i t io n  ST and m ain ta in ed  a t  25°C. A sample 5.1
'  41r a t i o  o f 2,1 was u sed  thi'oughout and sam ples were assayed at rateej 
up to  60 p e r h .
FL04 RATS (ml .# | 
0 .23 






















3 .7  STABILITY OP NYLW-WBE IMI40BILIS13D CATALA8 B
The s t a b i l i t y  of n y lo n -tu b e  im m obilised  c a ta la s e  d e r iv a t iv e s  
(BMS a lk # ) to  1.5 itDWIgOg was determ ined  in  th e  fo llo w in g  manner,
3 m le n g th s  o f th e  im m obilised  enzyme were p e rfu sed  w ith  1 ,5  mM-ÏÏ^Og 
in  0 ,05  M -phosphate, pH 6 ,9 i a t  a  flow  r a t e s  o f 2 ,9  ml min"*^ and a 
tem p era tu re  of 25°0, The r e s e r v o i r ,  c o n ta in in g  HgOg was m ain ta in ed  
a t  5°0 by i t s  immersion in  a g ly c o l c o o lin g  b a th . Im m ediately  p r io r  
to  i t s  passage th rough, th e  enzyme tu b e , th e  tem p era tu re  was r a is e d  
to  25^0 by means o f a  w a te r - ja c k e te d  d e la y  c o i l .  The tu b e  e f f lu e n t  
was c o l le c te d  in  87 ml f r a c t io n s  by means of a  f r a c t io n  c o l le c to r  
(B aird  and Tat lo ck  L td .,  Ghadwell H eath , E ssex, England, U .K ..),
The f r a c t io n s  were s to r e d  a t  5^0 p r io r  to  a n a ly s is  in  o rd e r  to  m inim ise 
HgOg decom position . The oom oen tra tion  o f HpOg in  th e  f r a c t io n s  was 
e s tim a te d  by means of th e  ac id -K I te c h n iq u e , 0,1 ml a l iq u o ts  were 
added to  1*0 ml M-HGl and 1 ,0  ml 1 ,0  M-KI. Im m ediately th e r e a f t e r  
th e  r e a c t io n  m ix tu re  was in c u b a te d  a t  25°C f o r  15 min. The e x t in c t io n  
o f th e  s o lu t io n  was th en  m easured a t  349 nm. S tan d ard  cu rves were 
com piled by s u b je c t in g  0,1  ml a l iq u o ts  o f s ta n d a rd  HpOg s o lu tio n s  
to  th e  above p ro ced u re . The s t a b i l i t y  o f n y lo n -tu b e  im m obilised  c a ta la s e  
d e r iv a t iv e s  was ex p ressed  in  th e  method d e sc r ib e d  in  s e c t io n  3*5.2*
A#
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T'hs objeo'u o f th e  work p re se n te d  in  C hapter 4 i s  to  p rep a re  th e  ;• 
iiiosu '■ n itah le  n y lo n -ttib e  im m obilised  c a ta la s e  d e r iv a t iv e  f o r  u se  in  
an a u b o a n a ly tic a l system  cap ab le  o f d e te rm in in g  hydrogen p erox ide  
c o n c e n tra t io n s .  The s e n s i t i v i t y  of such a  system  depends -upon th e  
a o L iv ity  of th e  im m obilised  c a t a la s e .  However o th e r  c r i t e r i a  such  , '
as th e  amount o f bound p r o te in ,  th e  s t a b i l i t y  o f th e  d e r iv a t iv e  and - 
th e  r a t i o  o f o a t a l a t i c  : p e ro x id a tic  a c t i v i t i e s  d isp la y e d  by th e  
c a ta la s e  tu b e  must a ls o  be ta k en  in to  c o n s id e ra t io n .  C onsequently  
th e  e f f e c t  o f u s in g  d i f f e r e n t  a lk y la t io n  re a g e n ts , sp a c e rs ,  b i -  
fimc'iy Lonal re a g e n ts  and so u rces  o f c a ta la s e  upon th e  bound p ro te in  ,■ ■ 
c o n te n t ,  o a t a l a t i c  a c t i v i t y ,  s t a b i l i t y  and th e  p e ro x id a t ic  a c t i v i t y  
o f n y lo n -tu b e  im m obilised  c a ta la s e  d e r iv a t iv e s  i s  exam ined,
4 .1 .  HÜtjPAHATIŒT OF HYLŒ-TU3E DEWBIL^BI'ID CATALASE
I
4 * 1 .1 , A dso rp tion  C o n tro ls  and Enzyme Im m o b ilisa tio n  ' /
I d e a l ly ,  a l l  th e  p r o te in  in  a  c o v a le n tly  bound im m obilised  ensyme 
d e r iv a t iv e  sho u ld  be c h em ica lly  a t ta c h e d  to  th e  su p p o r t.  However, 
a d s o rp tio n  onto th e  su p p o rt m a te r ia l  can and does o ccu r. P ro te in  
au cached in  t h i s  mtmner can be leach ed  o f f  th e  su p p o rt by re a g e n ts , 
a u r jn g  u se , th u s  g iv in g  a  f a l s e  im p ressio n  o f th e  a c t i v i t y  and - ,
s t a b i l i t y  o f th e  d e r iv a t iv e .
To account f o r  t h i s  e f f e c t ,  th e  fo llo w in g  c o n tro l  experim ents 
w ere perform ed , 1 ,4  mg ml  ^ s o lu t io n s  of c a ta la s e  were in c u b a ted ' 
f o r  3 h a t  2$^C in  3 m le n g th s  o f l )  u n tr e a te d ,  2) e thano larn ine- 
s u b s t i tu t e d ,  3) LIÏ8- a l l g l a t e d , and 4 ) g lu ta ra ld e h y d e -a c t iv a te d  HMDA-sub- 
s t i t u t e d  n y lo n - tu b e s . A ll  th e  tu b e s  were su b m itted  to  th e  w ashing 
p roced u re  d e sc r ib e d  in  s e c t io n  3 .2 .4 .























P ro te in  bound 
( mg )
fo T o ta l p ro te in  
bound
P ro te in  bound p e r m 
( mg m~^)
% P  "
/  2 .  —1 \{cm rnin ;
S p e c if ic  a c t i v i t y  of
Im m obilised  o a ta la s e  
( cm^ min mg  ^ x  10^ )
Table 1. A dsorp tion  and im m o b ilisa tio n  o f c a ta la o e  upon ny].on—tu b e .
3 m le n g th s  o f n y lo n -tu b e  im m obilised  and n y lo n -tu b e  ad so rb ed - o a ta la s e  
d e r iv a t iv e s  were p rep a red  as  d e sc r ib e d  in  t e x t .  In  a l l  cases  th e  enzyme 
c o u p lin g  s o lu t io n  com prised 1.4  mg ml c a t a la s e .  The d e r iv a t iv e s  were 
a ssay ed  f o r  bound p r o te in  and c a t a l a t i o  a c t i v i t y  as d e sc r ib e d  in  t e x t .
The fo llo w in g  a b b re v ia tio n s  a re  u sed  in  th e  d e s c r ip t io n  o f th e  d e r iv a t iv e s  : 
N = u n tr e a te d  n y lo n -tu b e  ; Nd = D E 8-a lky la ted  n y lo n -tu b e  ; E = e thano lam ine 
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th u s  form ed were m easured by th e  methods d e sc r ib e d  in  s e c tio n s  3 ,3  
and 3 , 5 , 4 . The r e s u l t s  of th e s e  experim ents a re  summarised in  Ta.ble 1, 
The u n tr e a te d  and e th a n o la m in e -s u b s titu te d  ny lo iw tubes adsorbed  
0‘/a ajid 8'/â o f th e  t o t a l  p ro te in  r e s p e c t iv e ly ,  whereas th e  DKS-alky­
la te d  and g lu ta ra ld e h y d e -a o tiv a te d  M D A -su b stitu ted  n y lo n -tu b e  
d e r iv a t iv e s  im m obilised  73/o and 37^ r e s p e c t iv e ly .  Only th e  HIuDA- 
s u b s t i tu te d  d e r iv a t iv e  r e ta in e d  any ensyn ic  a c t i v i t y ,  hav ing  a  K^PP
fo r  c a t a l a t i o  a c t i v i t y  o f 16 x 10”**^ cm min~ co rresp o n d in g  to  a
—3 2 —1 —1p ro te in  s p e c i f i c  a c t i v i t y  o f  44 % 10 cm min . mg ,
The o b se rv a tio n  th a t  no c a ta la s e  was adsorbed  onto  th e  u n tr e a te d  
n y lo n -tu b e  must be t r e a t e d  w ith  c a u t io n . This c o n tro l  ta k e s  no 
accoun t o f th e  chem ical r e a c t io n s  to  w hich th e  n y lo n -tu b eo  a re  sub­
m itte d  in  th e  p re p a ra t io n  o f im m obilised  ensymes. This tre a tm e n t 
of th e  ny lon  in c lu d e s  th e  g e n e ra tio n  o f p o s i t iv e  charges and th e  
in t ro d u c tio n  of hydrophobic sp a c e r  compounds, b o th  o f w hich have 
been shown to  enhance th e  adso rp tion , o f p ro te in  ( 1^), A s t r i c t e r  
com parison w ith  th e  a d s o rp tiv e  p r o p e r t ie s  o f t r e a te d  n y lo n -tu b e  can, 
be o b ta in ed  w ith  th e  u se  o f m onoam in e-su b stitu ted  n y lo n - tu b e , 
E thanolam ine can be a t ta c h e d  to  ny lon  th ro u g h  i t s  amine fu n c tio n  
in  th e  norm al manner. However, th e  absence of f r e e  amine fu n c tio n s  
on th e  s u b s t i tu t e d  d e r iv a t iv e  re n d e rs  th e  tu b e  in e r t  to  sny subsequen t 
r e a c t iv a t io n  p ro ced u re . The 8^, c a ta la s e  shown to  b in d  to  such a 
su p p o rt can only  be a t ta c h e d  by p h y s ic a l a d s o rp tio n , Prom t h i s  
r e s u l t  th e  amount o f c a ta la s e  bound by a d so rp tio n  to  th e  unsub - 
s t i t u t o d  and ID'/IDA-substituted n y lo n -tu b e s  can be c a lc u la te d  as 
and r e s p e c t iv e ly ,  o f th e  t o t a l  p r o te in .  Such v a lu e s ,  a lth o u g h  
h ig h , a re  un im p o rtan t in  th e  case  o f c a ta la s e  as no e x t r a  a c t i v i t y  i s  
im p arted  to  th e  d e r iv a t iv e , '  For t h i s  reaso n  th e  a d s o rp tio n  o f c a ta la s e  
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A lthough th e  g lu .ta ra ld e liy d e -a c tiv a to d  HI’i'D A -substitu ted  n y lo n -tu b e  
bound on ly  $0^ as much c a ta la s e  as th e  D llS -ac tiv a ted  d e r iv a t iv e ,  only  
Iho fo rm er r e ta in e d  a c t i v i t y ,  Campbell (57) and Onyzeli ( 5 8 ) have 
observed s im i la r  e f f e c t s  f o r  s e v e ra l  enzymes, where d i r e c t  im m ob ilis- 
a t io n  o f th e  enzyme onto  n y lo n -tu b e  r e s u l t s  in  l i t t l e  o r no a c t i v i t y .
This phenomenon: can be e x p la in ed  in  te rm s of the p ro x im ity  of th e  } 
enzyme to  th e  su p p o rt, as d isp lacem en t o f th e  c a ta la s e  from th e  nylon  
su rfa c e  ( e .g ,  by HHDA-substitution o f th o  ny lon) le a d s  to  r e te n t io n  
o f a c t i v i t y .  This would e x p la in  th e  i n a c t i v i t y  of adso rbed  ca ta la se  
th e  p o s i t iv e  charges c re a te d  by th e  am idine lin k s  a re  most p robab ly  
one o f  th e  prim e causes o f enzymic a d s o rp tio n ,
Heasons f o r  th e d e a c t iv a t io n  e f f e c t  can be found by c o n s id e ra tio n  
o f some p ro p e r t ie s  o f the su p p o rt m a te r ia l ,  For example, ny lon  6 i s  a  
hydrophobic polym er and as such  cou ld  c r e a te  an u n fa v o ra b le  m icro­
environm ent f o r  th e  c a t a la s e .  However sp a c e rs  such as 1 ,6-diam inohexane  ^
a re  a ls o  hydrophobic, and lï ï- ïM -su b s titu te d  c a ta la s e  tu b e s  have been 
shovm to  r e ta in  a ,c t iv i ty .  Thus h y d ro p h o b io ity  does not n e c e s s a r i ly  
e x p la in  t h i s  t o t a l  d e a c t iv a t io n  o f c a t a l a s e .  A nother c h a r a c t e r i s t i c  
o f th e  su p p o rt m a te r ia l  i s  i t s  b u lk  and r i g i d i t y .  T his cou ld  a f f e c t  
th e  a c t iv i t y  of an im m obilised  enzyme d e r iv a t iv e  by th e  im p o sitio n  
of G teric h in d ran ces  on th e  p r o te in .  L i 1 le y  e t  a l .» (59) have shovm 
th a t  th e  a c t i v i t y  o f im m obilised  f i c i n  d ec re a se s  w ith l a r g e r  s u b s t r a te  
m o lecu le s , su g g e s tin g  th e  e f f e c t  o f s t e r i c  hindrance.by the su p p o rt 
m a te r ia l*  • In  the case  of D tB -a c tiv a te d  nylon-tube im m obilised  c a ta la s e ,  • 
the'enzym e i s  im m obilised  d i r e c t l y  onto  th e  su rfa c e  o f th e  su p p o rt, and 7
th e re f o r e  th e  p o s s i b i l i t y  o f such  d e a c t iv a t io n  i s  h ig h . D irect a t t a c h -  "r 
ment o f enzyme to  su p p o rts  i s  n o t always unfavorable w ith  re g a rd s  to  
r é te n t io n  of a c t i v i t y ,  as one o f th e  most common methods i s  the. 
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o f th e  s t r u c tu r e s  o f sep h aro se  and n y lo n  however, p ro v id es  an 
e x p la n a tio n  f o r  such d if f e r e n c e s .  Sepharose i s  sw o llen , f l e x i b l e  and 
h y d ro p h il ic  w h ils t  ny lon  i s  hydrogen-bonded, t ig h t ly  packed and r i g i d ,  
S te r i c  h in d ran ce  w i l l  th e re f o r e  be more p re v a le n t in  a  su p p o rt made 
from th e  l a t t e r  m a te ria l#
4 , :t,2 ,  S f fe o t o f Diamine S pacers  on th e  A c tiv ity  of C atalase Tubes
Tho r e s u l t s  o f the p rev io u s  s e c t io n  in d ic a te  th a t  c a ta la s e  has to
bo d is p la c e d  a c e r t a in  d ista n ce  from th e  su rfa c e  of th e  ny lon  b e fo re
a c t i v i t y  i s  r e ta in e d .  The e f f e c t  o f v a r ia tio n  of th is  d is ta n c e  upon
tn e  a c t iv i t y  o f th e  d e r iv a t iv e s  was in v e s t ig a te d  by u se  of d i f f e r e n t
sp a c e r  compounds. 3 m le n g th s  o f DAE- and M D A -su b stitu ted  n y lo n -tu b e
wore p rep a red  under i d e n t i c a l  c o n d itio n s  in  th e  manner d e sc r ib e d  in
s e c tio n  3 . 2 , Both were a c t iv a te d  w ith  glutaraldehyde, in c u b a ted  w ith
c a ta la s e  and washed as d e sc r ib e d  in  s e c t io n  3 . 2 , 4 » The amount of
bound p ro te in  and th e  c a t a l a t i o  a c t i v i t y  o f each, d e r iv a t iv e  were
assay ed  as d e sc r ib e d  in  s e c t io n s  3 .3  and 3.5*4» These r e s u l t s  a re
summarised in  Table 2 ,
The DAE- and id u D A -su b stitu te d 'n y lo n -tu b e  im m obilised  c a ta la s e
d e r iv a t iv e s  bound ap p ro x im ate ly  th e  same amount of p ro te in , bu t
d isp la y e d  c a ta la t io  a c t i v i t i e s  o f 13 x 10 ^ crn  ^ min  ^ and 16 x 10 
2 «"«Icm min"" r e s p e c t iv e ly . This co rresponded  to  p ro te in  s p e c i f i c  
a c t i v i t i e s  of 40 x  10"”^  cn f min  ^ mg**"* and 44 % 10  ^ cri? min  ^ mg  ^
r e s p e c t iv e ly .  Thus u se  of IBIDA in  p la c e  of DAE r e s u l t e d  in  a  23^ 
in c re a s e  in  tu b e  a c t i v i t y .  This in c re a s e  can bo e x p la in ed  by th e  
cnange in  d is ta n c e  of c a ta la s e  from th e  su p p o rt in  th e  two d e r iv a t iv e s , 
th e  fo rm er com prising  6 carbon atoms to  th e  two carbon atoms o f th e  
■ l a t t e r .  This em phasises th e  im portance o f th e  d isp lacem en t d is ta n c e  










4 . 1, 3 . E ffe c t  o f L -L ysine S pacers  on th e  C a ta la t io  A c tiv i ty  
o f C a ta la se  Tubes
T his amino a c id  was a t ta c h e d  to  th e  suppo rt and su b se q u en tly  .
a c t iv a te d  in  a  s im i la r  manner to  th a t  d e sc r ib e d  fo r  d iam ines in
s e c tio n  3 .2 ,  This s p a c e r  compound d i f f e r e d  from ones used
p re v io u s ly  owing to  th e  n e g a tiv e  charge  c re a te d  by th e  p resen ce
of th e  oc-carboxyl g roup . A ly s in e - s u b s t i tu te d  n y lo n -tu b e  im m obilised
c a ta la s e  d e r iv a t iv e  was p rep a red  under id e n t i c a l  c o n d itio n s  to  th o se
p re v io u s ly  d e sc r ib e d  f o r  M E - and ï ï ï lM -s u b s t i tu te d  d e r iv a t iv e s .
The amount o f p ro te in  bound and the c a ta la t io  a c t i v i t y  of th e
d e r iv a t iv e  were assay ed  by th e  methods d e sc r ib e d  in  s e c t io n s  3 ,3
and 3 . 5 . 4 . These r e s u l t s  a ls o  a re  shown in  Table 2 , 43^  o f th e  t o t a l
p ro te in  was im m obilised  to  th e d e r iv a t iv e  g iv in g  a  tu b e  a c t iv i t y  o f  
^3 2  *-'119 X 10 cm min"" , co rresp o n d in g  to  a  p ro te in  s p e c i f i c  a c t i v i t y
-3  2 - 1 - 1of 44 X* 10 cm rain rag ,
. 6^ more p ro te in  was bound to  t h i s  d e r iv a t iv e  th a n  w ith  th e  îïïbM-
s u b s t i tu t e d  n y lo n - tu b e . T his im parted  a h ig h e r  t o t a l  a c t iv i t y  bu t
id e n t i c a l  p ro te in  s p e c i f i c  a c t i v i t y .  These o b se rv a tio n s  su g g es t th a t
masking' o f the p o s i t iv e  charges by th e  in c o rp o ra tio n  o f  ca rb o x y l groups
in to  s u b s t i tu t e d  n y lo n -tu b e  d e r iv a t iv e s  does n o t in c re a s e  the s p e c i f i c
a c t i v i t y  of p ro te in  bound to  th e  s u p p o r t,
D i-  ly s y l  sp ace rs  were used  to  f u r th e r  in c re a s e  th o  n e g a tiv e
charge and sp a c e r  le n g th ,  A ly s in e - s u b s t i tu te d  n y lo n -tu b e  d e r iv a t iv e  was^u
a c t iv a te d  w ith  g lu ta ra ld e h y d e  in  th e  norm al manner and in c u b a ted  w ith  a%^ bf^
f u r th e r  s o lu t io n  o f ly s in e .  A f te r  removal of excess amino a c id , th e
tu b e  was a-gain r e a c t iv a te d  w ith  g lu ta ra ld e h y d e  and in c u b a te d  w ith  a 
—11,4  mg ml s o lu t io n  o f c a t a l a s e .  Subsequent tre a tm e n t was id e n t i c a l  
to  t h a t  d e sc r ib e d  p re v io u s ly . The d e r iv a t iv e  was assay ed  f o r  bound 
p r o te in  and c a t a l a t i o  a c t i v i t y  as d e sc r ib e d  in  s e c tio n s  3 .3  and 3 .5 .4 *









- 3  2im m obilised to  th e  d e r iv a t iv e  g iv in g  a  tu b e  a c t i v i t y  o f 17 % 10 cm
-1 r “3 2min co rresp o n d in g  to  a  p ro te in  s p e c i f i c  a c t i v i t y  of 42 x 10 cm
«.I —’1min mg . Thus th e  a d d i t io n  -of- f u r th e r  n e g a tiv e  charges to  th e  
suppo rt d ecreased  th e  p ro te in  s p e c i f i c  a c t i v i t y  even th o u g h  th e  
d isp lacem en t d is ta n c e  o f  th e  e n z ^ e  from th e  nylon s u r fa c e  was 
in c re a se d  in  th e  p ro c e s s . A nother f a c to r  th a t  may in f lu e n c e  th e  
a c t i v i t y  of t h i s  d e r iv a t iv e  i s  th e  in c lu s io n  of an e x t r a  g lu ta r a ld e -  
h y d e -a c tiv a tio n  p ro ced u re . A lthough, in  p r in c ip le ,  100^ y ie ld s  may 
be expec ted , in  p r a c t i s e  th e y  a re  n ev er a t t a i n e d .  The e f f ic ie n c y  of 
th e  p r e p a r a t io n  o f  th e  tu b e  f o r  a ttachm en t o f  c a ta la s e  may th e re fo re  
be im p a ired ,
4 . 1, 4 . E f fe c t  o f Egg Albumen S pacers  on A c t i v i t y  o f  C a ta la se  Tubes
The e f f e c t  o f  u s i n g  p ro te in  a s  a sp a c e r  was a ls o  s tu d ie d .  G lu t-
a ra ld eh y d e  a c t iv a te d  p r o te in - s u b s t i tu t e d  n y lo n -tu b e  was in cu b a ted  w ith  a  
—11 , 4  mg ml s o lu t io n  o f c a ta la s e ,  washed and assayed  f o r  bound p ro te in  
and c a t a l a t i o  a c t i v i t y  as d e sc r ib e d  in  s e c tio n s  3 .3  oJ-id 3 .5 .4 *  The
r e s u l t s  a re  shown in  T able 2 .  Only 27^  of th e  t o t a l  p ro te in  was
. -3im m obilised  to  th e  su p p o rt which had a c a t a l a t i o  a c t i v i t y  of 11 x  10
2 —1 —3cm min co rresp o n d in g  to  a p ro te in  s p e c i f i c  a c t i v i t y  o f 40 x 10
2 —1 —1cm min mg . When th e  p ro te in  s p a c e r  was d en a tu red  im m ediately
p r io r  to  g lu ta ra ld e h y d e  a c t iv a t io n  as d e sc rib e d  in  s e c t io n  3 .2 , 33/^
o f th e  t o t a l  p ro te in  was im m obilised  and th e  d e r iv a t iv e  had a  c a t a l a t i o
—3 2 —1a c t i v i t y  o f 13 x 10 cm min co rresp o n d in g  to  a  p ro te in  s p e c if ic
^3 2 —1 -1a c t i v i t y  o f  40 x 10 cm’ min mg Thus, when compared w ith  th e
r e s u l t s  o b ta in ed  w ith  IIM D A -substitu tion , th e  tu b e  a c t i v i t i e s  of th e  
d en a tu red  and u n d en a tu red  p ro te in —s u b s t i tu te d  c a ta la s e  d e r iv a t iv e s  
d ec re a se d  by 19/  ^ and 31$o r e s p e c t iv e ly .  As a  p ro te in  sp a c e r  can be 
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i t  cou ld  be a t ta c h e d  to  th e  su p p o rt by one o f i t s  amine fu n c tio n s  and 
p re sen t s e v e ra l  more f o r  subsequent a c t iv a t io n  and a ttach m en t o f enzyme, 
in  t h i s  way a h ig h e r  spacer:enzym e r a t i o  th an  1:1 cou ld  be r e a l i s e d .  
However th e  d ec reased  le v e ls  o f enzyme bound to  su c h  su p p o rts  su g g est 
th a t  th e  p ro te in  i s  b e in g  a t ta c h e d  to  th e  support- th ro u g h  more th a n  
one amine fu n c tio n  and re n d e r in g  many o f th e  rem ainder in a c c e s s a b le  to  
g lu ta ra ld e h y d e  a c t iv a t io n .  D én a tu ra tio n  o f th e  p ro te in  sp a c e r  in c re a s e s  
th e  q u a n t i ty  of p ro te in  bound. This i s  p robab ly  due to  th e  uncov erin g  
of amine fu n c tio n s  p re v io u s ly  embedded in  th e  m olecu le . T h ere fo re  no 
advantages acc ru e  from th e  u se  o f p ro te in  sp ace rs  w ith  re g a rd  to  de­
r iv a t iv e  a c t i v i t y ,
4 .1 ,5 *  Comparison of B ifu n c tio n a l  R eagents used  in  th e  P re p a ra t io n  
o f C a ta la se  Tubes
The n y lo n -tu b e  im m obilised  c a ta la s e  d e r iv a t iv e s  d isc u sse d  p re v io u s ly
were a l l  p rep a red  by th e  a ttach m en t o f c a ta la s e  to  th e  su p p o rt v ia
g lu ta ra ld e h y d e . A lthough t h i s  method has been most com m only used  in
th e  p re p a ra t io n  of n y lo n -tu b e  im m obilised  enzymes (4 0 - 4 5 ) o t h e r  c r o s s -
l in k in g  re a g e n ts  a re  a ls o  s u i t a b l e .  For example, M orris and. Hornby have
dem onstra ted  th e  use  o f b is im id a te s  in  such a  r o le  ( 44 )* The two
a c t iv a t io n  methods f o r  th e  p re p a ra t io n  of c a ta la s e  tu b e s  were s tu d ie d
in  th e  fo llo w in g  m an n er. A 6 m le n g th  o f p r o te in - s u b s t i tu te d  n y lo n -
tube was p rep ared  in  s e c t io n  3*2, One 3 m p o r tio n  was a c t iv a te d  w ith
g lu ta ra ld e h y d e  as d e sc r ib e d  in  s e c t io n  3 .2 ,3 * 1 , w h ils t  th e  o th e r  was
a c t iv a te d  w ith  d ie th y la d ip im id a te  as d e sc r ib e d  in  s e c t io n  3 ,2 ,3 ,2 ,  In
-1each case  th e  enzyme co u p lin g  s o lu t io n  com prised 1 ,4  mg ml c a ta la s e .  
A f te r  w ashing, th e  amount of p ro te in  bound and th e  c a t a l a t i o  a c t iv i t y  
o f  th e  d e r iv a t iv e s  w ere assay ed  as d e sc r ib e d  in  s e c tio n s  3*3 and 3.5*4* 
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g lu ta ra ld e h y d e -a c t iv a te d  n y lo n -tu b e  im m obilised  c a ta la s e  d e r iv a t iv e s  
bound 35^ and 27^  of th e  t o t a l  p ro te in  r e s p e c t iv e ly  co rresp o n d in g  to
p ro te in  s p e c i f i c  a c t i v i t i e s  of 44 x 10 ^ crn  ^ min mg  ^ and 40 x 10 ^
? —1 -1cm" min mg r e s p e c t iv e ly .
A in c re a s e  in  bound p ro te in  was r e a l i s e d  by th e  b is im id a te  
a c t iv a te d  tu b e . This su g g e s ts  t h a t  d ie th y la d ip im id a te  i s  more 
e f f e c t iv e  a t  binding p ro te in  th a n  g lu ta ra ld e h y d e . The r e a c t io n  
mechanism of th e  l a t t e r  re a g e n t i s  s t i l l  in co m p le te ly  understood ,various  
s id e - r e a c t io n s  b e in g  known to  occur (45 ) .  This may account f o r  th e  
le s s  e f f i c i e n t  u t i l i s a t i o n  o f amine fu n c t io n s .
The u se  o f b is im id a te s  f o r  th e  a c t iv a t io n  o f s u b s t i tu t e d  n y lo n -tu b e  
a ls o  r e s u l t e d  in  a  10ÿ in c re a s e  in  p ro te in  s p e c i f i c  a c t i v i t y .  This may 
be due to  th e  d if f e r e n c e  in  lin k a g e  o f th e  enzyme to  th e  s u b s t i tu te d  
n y lo n - tu b e . I t  i s  p o s s ib le  th a t  th e  g lu ta ra ld e h y d e  r e a c t io n  may in vo lv e  
n o t on ly  f r e e  amine fu n c tio n s  bu t a ls o  w ith  o th e r  amino a c id  re s id u e s  in  
n r o te in s .  C onsequently , enzymes im m obilised  in '. th i s  way may be bound 
I/O th e  su p p o rt m a te r ia l  in  a  more random manner, th u s  in c re a s in g  th e  
i)0s s i b i l i t y  of involvem ent of amino a c id s  e s s e n t ia l f o r  c a ta ly t ic  
a c t i v i t y .
In  p r a c t i s e ,  however, i t  has been found more conven ien t to
a c t iv a t e  s u b s t i tu t e d  n y lo n -tu b e s  w ith g lu ta ra ld e h y d e  owing to  th e
s im p l ic i ty  o f th e  p ro cess  and s to ra g e  o f th e  r e a g e n ts .  G lu ta ra ldehyde
IS com m ercially  a v a i la b le  and s ta b le  a t  4*^ 0 i n d e f in i t e ly ,  whereas
d ie th y la d ip im id a te  r e q u ire s  s y n th e s is ,  i s  l a b i l e ,  and has to  be s to re d
u n d er s t r i c t  d e s s ic a t io n  to  p rev en t h y d ro ly s is .  This s u s c e p t i b i l i t y  
<
to  m o is tu re  a ls o  re q u ir e s  th a t  th e  s u b s t i tu te d  n y lo n -tu b e  be th o ro u g h ly  
d r ie d  p r io r  to  i t s  a c t iv a t io n ,  th u s  n e c c e s s i ta t in g  an o th e r  s ta g e  in  th e  
p re p a ra t io n  p ro ced u re . F or s im p l ic i ty  o f d e s c r ip t io n ,  u n le s s  o the rw ise  
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t h i s  th e s i s  were p rep a red  by g lu ta ra ld e h y d e -a o t iv a t io n ,
4 .1 .6 ,  0 -A lk y la tio n  of hylon-T ube U sing TOTFB and DMS
The r e l a t i v e  m e ri ts  o f DI© and TOTFB as a lk y la t in g  re a g e n ts  in
th e  p re p a ra t io n  o f c a ta la s e  tu b e s  were s tu d ie d  in  th e  fo llo w in g
manner. One 3 m le n g th  o f IM D A -substitu ted  n y lo n -tu b e  was p rep ared  by
DMB-allcylation, and a n o th e r  by TO TFB-alkylation as d e sc r ib e d  in
s e c t io n  3 ,2 ,  Subsequent a c t iv a t io n ,  enzyme co u p lin g  and w ashing
s ta g e s  were as d e sc r ib e d  in  s e c t io n  3 .2 .4 ,  th e  enzyme c o u p lin g
-1s o lu t io n  com prising  1 ,4  mg ml c a ta la s e  in  each c a se . The amount o f 
p r o te in  bound and th e  c a t a l a t i o  a c t i v i t i e s  of th e  d e r iv a t iv e s  were 
assay ed  as d e sc r ib e d  in  s e c tio n s  3 .3  and 3.5»4* These r e s u l t s  a re  
sum marised in  Table 2 . The TOTFB- and BMS- a lk y la te d  n y lo n -tu b es  • 
bound 100^ and 30^ r e s p e c t iv e ly  o f th e  t o t a l  c a ta la s e ,  w ith  tu b e  
a c t i v i t i e s  of 160 x 10~"^  crn  ^ min~"* and 16 x  10~^ cm^ min r e s p e c t iv e ly .  
These v a lu es  gave p ro te in  s p e c i f i c  a c t i v i t i e s  of, 160 om  ^ min * mg and 
44 X 10™"^  cm^ min"^ mg""^, These r e s u l t s  c l e a r ly  in d ic a te  th a t  th e  
o -a lk y la t io n  o f n y lo n -tu b e  w ith  TOTPB produces a  d e r iv a t iv e  w ith  a 
60^  in c re a s e  in  bound enzyme, a  300^ in c re a s e  in  s p e c i f i c  a c t i v i t y ,  
and a  t o t a l  tu b e  a c t i v i t y  in c re a s e  o f 1000^ when compared w ith  th e  
c o rresp o n d in g  d e r iv a t iv e  p rep a red  by BM3- a lk y la t i o n .
TOTFB has p re v io u s ly  been found to  be f a r  more e f f i c i e n t  than  DFiS 
in  th e  p re p a ra t io n  o f s e v e ra l  o th e r  n y lo n -tu b e  im m obilised  enzymes 
( .4 6 , 4 7 , )•  The marked d if f e re n c e s  produced by th e  two d i f f e r e n t  
a lk y la t io n  methods can be ex p la in ed  in  term s of th e  r e l a t i v e  s tr e n g th  
o f th e  two re a g e n ts ,  BM8-all-q/" 1 a t io n  o f nylon  has to  be perform ed a t  a 
te m p e ra tu re  of 100°G, n e g l ig ib le  m o d if ic a tio n  of th e  ny lon  be ing  
a t t a in e d  a t  low er te m p era tu re s  ( 48 ) . TOTFB can be used  a t  room- 
te m p e ra tu re  w ith  a  lo n g e r r e a c t io n  tim e th a t  a llow s th e  a lk y la tio n
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re a c tio n  to  be more a c c u ra te ly  c o n t ro l le d .  The te m p era tu re  of th e  ■ 
a lk y la tio n  r e a c t io n  i s  im p o rtan t as secondary  i m i d a t e s  a re  ex trem ely  
s e n s i t i v e  to  h y d ro ly s is ,  t h i s  s e n s i t i v i t y  in c re a s in g  w ith  tem p era tu re  
as does th e  w ater p e rm e a b il i ty  of ny lon  ( 4 9 ) .  In  th e  DMS- a lk y la t io n  
p rocedure, th e  100^0 r e a c t io n  te m p era tu re  re q u ire d  a t ta in e d  by th e  
immersion of th e  n y lo n -tu b e  in  a  b o i l in g  w a t e r  b a th . Thus i t  i s  a .  
p o s s ib i l i ty  th a t  a la rg e  f r a c t io n  of th e  secondary im id a te s  formed a re  
im m ediately h y d ro ly se d ,
TO TPB-alkylation o f ny lon  o b v ia te s  th e se  problem s and th e  
c o n c e n tra tio n  of secondary  im id a te s  form ed i s  p robab ly  much h ig h e r .
This w i l l  p rov id e  more a c t iv e  s i t e s  on th e  su rfa c e  of th e  ny lon  fo r  
sp ace r a ttachm en t and co n seq u en tly  more c a ta la s e  w i l l  be im m obilised  
to  th e  su p p o r t.  Such an in c re a s e  in  bound enzyme may a l s o  b e n e f i c ia l ly  
a f f e c t  th e  m icro-environm ent o f th e  im m obilised  enzyme b y  more 
e f f i c i e n t 's h i e l d i n g  o f  any su p p o rt s u r fa c e  e f f e c t s  on th e  enzyme.
The 257Ô in c re a s e  in  p ro te in  s p e c i f i c  a c t i v i t y  o b ta in ed  by TOTFB 
a lk y la t io n  may be th e  r e s u l t  of such e f f e c t s ,
TOTFB i s  a ls o  a  f a r  s a f e r  re a g e n t to  h an d le . A lthough i t  must 
be co n s id e re d  as po isonous, u n lik e  BltS i t  does n o t cause  burns o r  
g iv e  o f f  poisonous v ap o u rs .
For reaso n s of s im p l ic i ty  in  th e  d e s c r ip t io n  of n y l o n - t u b e  
im m obilised  enzymes, subsequen t d e r iv a t iv e s  m entioned in  t h i s  
th e s i s  were p rep ared  b y  TOTFB a llq y la tio n  u n le s s  o th e rw ise  s t a t e d .
4 . 1 . 7 . E ffe c t o f Bound P r o t e i n  C o n c e n t r a t i o n  on th e  C a ta la t io  
A c t iv i ty  o f Im m obilised C a ta la se
The r e s u l t s  of th e  p rev io u s  s e c t io n  showed th a t  up to  3 mg of
c a t a la s e  cou ld  be bound to  a IM B A -substitu ted  n y lo n - tu b e . The
fo llo w in g  experim ent was u n d ertak en  in  o rd e r to  d e term ine  th e  e f f e c t
o f im m o b ilis in g  d i f f e r e n t  q u a n t i t i e s  o f c a ta la s e  on b o t h  th e  p ro te in
mC oupling  
s o lu t io n  
(mg m l" )
P ro te in  bound 
(mg)
P ro te in  bound 
p e r  m eter tu b e  
(mg m"^)
h p p  "  1 ° '
f- 2 . •—1 \( cm min )
P ro te in  s p e c i f ic3 'a c t i v i t y  x 10













40 .0  50 ,0
380
0 .7 0  1 .04
1.20  2 .2 2
0 ,4 0  0 .73 1,0'k
130
5 2 .0  52.3  584
72 40.
Table 3 . V a r ia t io n  of c a ta la s e  c o n c e n tra tio n  in  co u p lin g  solutur^ % 
3 m le n g th s  o f M D A -su b s titu te d  n y lo n -tu b e  im m obilised  ca ta la so  
d e r iv a t iv e s  were p rep a red  under id e n t i c a l  c o n d itio n s  as d escritch   ^
t e x t .  The c o n c e n tra tio n  of c a ta la s e  in  th e  co u p lin g  s o lu tio n  wan / <-1  -1  ^v a r ie d  from 0 .03 mg ml to  1.5 mg ml and th e  r e s u l t in g  d en v d tr\
ha ssay ed  f o r  bound p r o te in  and c a t a l a t i o  a c t i v i t y  as d esc rib e d  in*# y
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s p e c i f ic  a c t i v i t y  and o v e ra l l  c a t a l a t i o  a c t i v i t y  of th e  im m obilised
c a ta la s e .  S ix  1 m le n g th s  of IB 'IDA -substituted n y lo n -tu b e  im m obilised
c a ta la s e  were p rep ared  as d e sc r ib e d  in  s e c t io n  3 .2 .  The enzyme
co u p lin g  s o lu t io n s  com prised 0 ,0 3 , 0 ,1 ,  0 .1 8 , 0 .7 ,  1 ,04  and 1,5 mg ml ^
of p ro te in  r e s p e c t iv e ly .  The amount o f bound p ro te in  and th e  c a t a l a t i o
a c t i v i t y  o f each d e r iv a t iv e  w ere m easured as d e sc r ib e d  in  s e c tio n s
3 .3  and 3.5*4» The r e s u l t s  a re  shovm in 'T a b le  3 . In  a l l  cases  ^OQfo
of th e  t o t a l  p ro te in  vras im m obilised  to  th e  su p p o rt. I n i t i a l l y ,
in c re a s in g ' th e  bound c a ta la s e  from 0 ,02  mg m" to  0 .13 mg m r e s u l t e d
in  a r a p id  in c re a s e  in  th e  o v e ra l l  tu b e  a c t i v i t y ,  Hov/ever above
0 ,13  mg m"'^  bound c a ta la s e  th e  o v e ra l l  a c t i v i t y  in c re a s e d  by on ly  6fo
f o r  an e ig h t - f o ld  in c re a s e  in  im m obilised  c a ta la s e .  As th e  p ro te in
—1bound p er m eter of tu b e  was in c re a s e d  from 0.02 -  1.07 mg m , th e
2 - 1  2p ro te in  s p e c i f i c  a c t i v i t y  dropped from 900 cm" min mg to  40 cm
1 —1 min mg ,
Two e f f e c t s  a re  th e r e f o r e  ap p a re n t : I)  i n i t i a l l y  th e  o v e ra l l
a c t i v i t y  o f th e  c a ta la s e  tubes r a p id ly  in c re a se d  w ith  bound p ro te in  
b u t t'hen p la te a u e d , 2) th e  s p e c i f i c  a c t i v i t y  of th e  im m obilised  
c a ta la s e  dropped w ith  in c re a s in g  amounts o f bound p r o te in .  These tvjo 
o b se rv a tio n s  can be e x p la in ed  by th e  e x is te n c e  of s e v e ra l  ty p es  o f 
enzyme b in d in g  s i t e s  on th e  n y lo n - tu b e . I t  i s  most l i k e l y  th a t  th e  
in s id e  su r fa c e  o f such  a  tu b e  i s  n o t a f l a t  smooth p la n e . At th e  
m icro  le v e l  i t  w i l l  be a rough s u r fa c e  c o n ta in in g  many f i s s u r e s ,  th e  
o ccu rren ce  of which w i l l  p ro b ab ly  be a c c e n tu a te d  by th e  a lk y la t io n  
p ro c e s s , For reaso n s  of s im p l ic i ty ,  enzymes a re  th o u g h t of as b e in g  
im m obilised  upon th e  s u r fa c e  o f th e  tu b e . In  p r a c t i s e ,  th e y  a re  
p ro b ab ly  bound a t  v a r io u s  le v e ls  in  th e  ny lon , w ith  th e  m a jo r ity  o f 
a c t i v i t y  r e s id in g  in  th e  m olecules a t ta c h e d  to  th e  more exposed re g io n s  
o f th e  ny lon  s u r fa c e .  In  th e  case  o f c a ta la s e ,  i t  has been demonstrated,;';^
t jy
3,»' r r ' ' f
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th a t  m olecules in  c lo se  p ro x im ity  to  th e  su p p o rt w i l l  n o t r e t a in
(1, ,  Vy a c t i v i t y .  Thus th e  s u r fa c e  s i t e s  would n o t only be th e  f i r s t  to
V ' ' \
im m obilise enzyme th rough  th e  sp a c e r , b u t a lso  c o n ta in  th e  m a jo r ity
of th e  im m obilised  a c t i v i t y .  Sm all amounts of im m obilised  p ro te in  
would th e re fo re  d is p la y  th e  same a c t i v i t y  as l a r g e r  amounts., once th e
\ h   ^ ‘ su rfa c e  s i t e s  were f i l l e d ,  and t h i s  would r e s u l t  in  a  d ec re a se  in
p ro te in  s p e c i f i c  a c t i v i t y  o f th e  im m obilised  c a ta la s e .  A nother two 
f a c to r s  may a ls o  c o n t r ib u te  to  th e  absence of e x t r a  a c t i v i t y  on
^   ^ p’ X o r ie n ta t io n s  from o c c u rr in g  due to  th e  c lo se  p ro x im ity  o f enzyme mole­
cu le s  to  each o th e r .  S econd ly , d i f f u s io n a l  e f f e c t s  may ta k e  p la ce  w ith  
enzyme m olecules embedded in  th e  n y lo n . In  t h i s  c a se , th e  r a t e  o f 
0  ^ (  ^ r ea c tio n  would depend upon th e  d i f f u s io n  of to  th e  enzyme, and
n o t upon th e  c a t a l a t i o  a c t i v i t y  of th e  im m obilised  c a t a la s e .
;(
I, ^; !
jA ,, %  ^ in c re a s in g  th e  q u a n t i ty  of im m obilised  p r o te in .  O vercrowding o f , }i p
enzyme m olecules on th e  s u r fa c e  o f th e  ny lon  may p rev en t n e c e ssa ry  f
4 * 1 .8 , E ffe c t of Tube D iam eter on th o  C o ta la t ic  A c t iv i ty  o f C a ta la se
Tubes •
• One consequence of th e  s u r fa c e  s i t e  h y p o th e s is  su g g es ted  in  th e  
p rev io u s  s e c t io n  i s  th a t  an in c re a s e  in  su rfa c e  a re a  of th e  tu b e  sho u ld  
r e s u l t  in  an in c re a s e  in  c a t a l a t i o  a c t i v i t y .  This e f f e c t  was s tu d ie d
w ith  th e  u se  of 1 mm and 2 mm bo re  n y lo n - tu b e , A 1 mm le n g th  of each
tu b e  was s u b s t i tu te d  w ith  HMM and enzyme was a t ta c h e d  in  th e  manner
d e s c r ib e d  in  s e c t io n  3 .2 .  The c o u p lin g  s o lu t io n  of th e  1 mm and 2 mm
b o re  d e r iv a t iv e s  com prised 1 .4  mg ml and 0 .3 4  mg ml c a ta la s e  
r e s p e c t iv e ly .  In  t h i s  manner 1 ,0  mg c a ta la s e  p e r m eter o f each 
d e r iv a t iv e  was a v a i la b le  f o r  im m o b ilisa tio n . A f te r  w ashing, th e  amount , 
o f bound p ro te in  and c a t a l a t i o  a c t i v i t i e s  were assayed  as d e sc r ib e d  in  ' A.;
s e c t io n s  3*3 and 3*5*4*
fThe 1 mm and 2 mm bo re  n y lo n -tu b e  im m obilised  ca/balase d e r iv a t iv e s
a s
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However, measurement o f d e r iv a t iv e  a c t i v i t y  by th e  r e c i r c u la t io n  a ssa y
4.1*9» E f fe c t  o f P ih y d ra s ide S pacers  on th e  C a ta la t io  A c tiv i ty  o f
C a ta la s e  Tubes
ai iÜ  ^ The e f f e c t  o f d ih y d ra z id e s  and h y d raz in e  as sp a c e r  compounds on
d'
fo llo w in g  manner. 3 m le n g th s  o f 1 ) h y d ra z in e - , 2) s u c c in ic  a c id ' 
^   ^ f d ih y d ra z id e - ,  3) a d ip ic  a c id  d ihy  d raz  i  de-subs t  i t u t  ed n y lo n -tu b e
S ‘i/  ^ im m obilised  c a ta la s e  d e r iv a t iv e s  were p rep a red  as d e sc r ib e d  in
1 .4  mg ml c a t a la s e .  The r e s u l t s  a re  summarised in  T able 4» The
in c re a s e d  th e  a c t i v i t y  r e ta in e d  by th e  im m obilised  enzyme. This r e s u l t .
18 X 10 ^ cim min"^ and 30 x 10"^ om  ^ min"^ r e s p e c t iv e ly ,  co rresp o n d in g  . if"! J
each bound lOOfa o f  th e  t o t a l  p ro te in  w ith  c a t a l a t i o  a c t i v i t i e s  o f A S #
.
% 2 —1 —1 —3, ':ii 47' to  p ro te in  s p e c i f i c  a c t i v i t i e s  o f 18 x  10 cm min mg and 30 x 10 !-4':
* * 2' m s ' cm min"^ mg"^ r e s p e c t iv e ly .  Thus a  tw o -fo ld  in c re a s e  in  s u r fa c e  a re a
\ r e s u l t e d  in  a 67/o in c re a s e  in  tu b e  a c t i v i t y .  This su g g e s ts  th a t  th e  4.'#.4. {
r^j** ' s u r fa c e  s i t e  th e o ry  may be o p e ra tiv e  in  n y lo n -tu b e  im m obilised  - Ihl'A'q
^   ^ ' w #N  ’ ■ d e r iv a t iv e s .  h-4
^  1 /  The in c re a se d  in t e r n a l  d iam ete r o f th e  tu b e  a ls o  r e s u l t s  in  an i\44'
,:j , in c re a s e  in  volum e. This cou ld  a f f e c t  th e  app aren t enzymic a c t i v i t y ,  N.,i
"  ^ by ex ten d in g  th e  d w e ll-tim e  o f  s u b s t r a te  p er u n i t  le n g th  of tu b e .
'U t' d e sc r ib e d  in  s e c t io n  3 .5 .1  o b v ia te s  t h i s  problem , hfitsicj ■ h/i'i'.h
M.  ^ , p,;lro  ^ th e  a c t i v i t y  o f n y lo n -tu b e  im m obilised  c a ta la s e  was s tu d ie d  in  th e
t Î '
Ft \ > s e c t io n  3 .2 ,  In  each case  th e  enzyme co u p lin g  s o lu t io n  com prised#  n I
. . __ . .-1
II
f j
* 5 jI * h y d ra z in e - , s u c c in ic  a c id  d ih y d ra z id e -  and a d ip ic  a c id  d ih y d ra z id e -#  '
rO " s u b s t i tu t e d  n y lo n -tu b es  bound 63^, 47^ and 479° th e  t o t a l  p ro te in
*7 7’ —3 2 h'p, r e s p e c t iv e ly .  The tu b e s  had c a t a l a t i o  a c t i v i t i e s  of $0 x 10 cm t'O (ii I- , : 1",%
-  ^ m in " \  100 x 10"^ cm^ m in " \  and 160 x 10” ^ cm'^  rnin"^ r e s p e c t iv e ly ,
'Xj , 3 2 —1 ' ' l-UJ-p ;{ c o rre sp o n d in g  to  p ro te in  s p e c i f i c  a c t i v i t i e s  o f 79 % 10 cm min
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i s  c o n s is ta n t  w ith  th a t  r e p o r te d  p re v io u s ly  in  s e c t io n  4 .1*2 f o r  
diam ine spaced n y lo n -tu b e  im m obilised  c a ta la s e  d e r iv a t iv e s ,
539C le s s  p ro te in  was bound to  th e  a d ip ic  d ih y d ra z id e  su b sb itu b ed  
nylon  tu b e  th a n  th e  M D A -su b stitu te d  tu b e . The re a so n s  f o r  t h i s  
d if f e re n c e  may be due to  th e  r e l a t i v e  i n s o lu b i l i t y  o f d ih y d r a z id e s  
i n  o r g a n ic  s o l v e n t s .  W h ereas f o r  d ia m in e  s u b s t i t u t i o n  o f  a l k y l a t e d  
ny lon  a s o lu t io n  com prising  1 .0  M-MÎDA i s  u s e d , ' t h e  maximum s o l u b i l i t y  
of a d ip ic  d ih y d raz id e  a t t a in e d  was 15 ml in  fo rm a m id e . I t  i s  p ro b ab le  
t h a t  th e  sm a lle r  c o n c e n tra tio n  o f th e  l a t t e r  cou ld  a f r e e t  th e  y ie ld  
of s u b s t i tu te d  n y lo n - t u b e .  T his in  tu rn  would a f f e c t  th e  q u a n t i ty  
of enzyme su b se q u en tly  bound to  such  a su p p o rt.
A lthough th e  h y d ra z id e —s u b s t i tu te d  c a ta la s e  tu b e s  c o n ta in ed  le s s  
bound p ro te in ,  th an  MDA-subs t  i t u t  ed d e r iv a t iv e s  t h e i r  c a t a l a t i o  
a c t i v i t y  was of th e  same o rd e r due to  a tw o -fo ld  in c re a s e  in  bheir
p ro te in  s p e c i f i c  a c t i v i t y .
The e x te n t o f a d s o rp tio n  o f p ro te in  on d ih y d ra ,z id e -su b s tib u te d  
n y lo n -tu b e  was in v e s t ig a te d  in  th e  fo llo w in g  manner, A 3 m leng'bh 
o f a d ip ic  a c id  d ih y d ra z id e  s u b s t i tu t e d  n y lo n -tu b e  vzas p rep ared  as 
d e sc r ib e d  in  s e c t io n  3 .2 .  The r e a c t iv a t io n  p rocedure  was om itted  and a 
1 ,4  mg ml"^ c a ta la s e  s o lu t io n  in c u b a ted  in  th e  tu b e . Aj. te r  w ashing, th e  
d e r iv a t iv e  was assayed  f o r  bound p ro te in  and c a t a l a t i o  a c t i v i t y  as 
d e sc r ib e d  in  s e c tio n s  3 .3  and 3 .5 * 4 . r e s u l t s ,  summarised in
T able 4 , show th e  absence o f any enzymic a d so rp tio n  onto  th e  s u p p o r t.  
Comparison of T ables 1 and 4 shows th a t  uiam ine— and d in y d ra z id e — 
s u b s t i tu t e d  d e r iv a t iv e s  have m arkedly d i f f e r e n t  a d s o rp tiv e  p ro p e r tie s*
The reaso n s  f o r  th e se  c o n t r a s t in g  a d s o rp tiv e  c h a r a c te r i s t i c s  may. o 
l i e  in  th e  n a tu re  of th e  am idine and am idrazone bonds shown s c h e m a tic a lly  
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111 at o f th e  am idrazone i s  around pH 6 ,5  ( 5 1 ), Thus a t  n e u t r a l  pH and 
above, th e re  w i l l  be l i t t l e  o r no p o s i t iv e  charge on th e .am id razo n e  
bond owing to  d é lo c a l i s a t io n  of th e  e le c t ro n s ,  w h ils t  th e  am idine 
fu n c tio n  r e ta in s  i t s  p o s i t iv e  charge th roughou t th e  pH range a t  which . 
enzymes a re  b o th  im m obilised  and u se d . This su g g es ts  th a t  i t  i s  th e  
p o s i t iv e  charge o f th e  s u b s t i tu t e d  n y lo n -tu b e s  th a t  causes a d so rp tio n  
o'  ^ th e  enzyme.
The u se  o f d ih y d ra z id e - s u b s t i tu te d  n y lo n -tu b es  a ls o  p erm its  th e
d i r e c t  a ttachm en t o f c a ta la s e  to  th e  s u b s t i tu te d  n y lo n -tu b e  w ithou t
re c o u rse  to  c r o s s - l in k in g  r e a g e n ts ,  A 3 m le n g th  o f a z id e - a c t iv a te d
""uocin io  a c id  d ihyd raz  i  de-subs  t  i  t u t  ed n y lo n -tu b e  was p rep ared  as
d e sc r ib e d  in  s e c t io n  3 ,2 .  The enzyme co u p lin g  s o lu t io n  com prised 
—11 ,4  mg ml c a ta la s e .  A f te r  w ashing, th e  d e r iv a t iv e  was assayed  
fo r  bound p ro te in  and c a t a l a t i o  a c t i v i t y  as d e sc r ib e d  in  s e c t io n s  lift
3 .3  and 3 .5 * 4 *  The r e s u l t s  a re  summarised in  T able 4* 7% o f  th e
c o ta l enzyme was bound and th e  im m obilised  d e r iv a t iv e  had a  c a t a l a t i o
a c t i v i t y  o f  12 % 10"“* cm min , co rresp o n d in g  to  a  p ro te in  s p e c i f i c  
a c t i v i t y  of 171 X 10"^ cm^ min""^ mg"^,
Thus th e  a z id e  a c t i v a t i o n  bound 4-Ofo le s s  p ro te in  th a n  th e  
co rresp o n d in g  g lu ta ra ld e liy d e  a c t iv a te d  d e r iv a t iv e ,  b u t th e  c a t a l a t i o  
a c t i v i t y  f e l l  by only  209i, due to  a, 500'/  in c re a se  in  th e  p ro te in  
s p e c i f i c  a c t i v i t y ,  W h ils t t h i s  in c re a s e  i s  p robab ly  due to  th e  
d e c re a se d  q u a n t i ty  of bound p ro te in ,  i t  may a ls o  r e f l e c t  th e  e f f e c t  
o f th e  d i f f e r e n t  im m o b ilisa tio n  p ro c e s s , on th e  r e te n t io n  o f a c t i v i t y .
A lthough az id e  a c t i v a t i o n  se rv e s  to  u n d e r lin e  th e  v e r s a t i l i t y  o f 
d ih y d ra z id e - s u b s t i tu te d  d e r iv a t iv e s ,  th e  u t i l i t y  of such  a c a ta la s e  
d e r iv a t iv e  i s  l im ite d  owing to  th e  sm a ll q u a n t i t i e s  o f enzyme bound 
to  th e  su p p o r t.





.  V f t - ' '§#%#
N # # * #
• # , ' ' 4 7
s
7 9 »a .
*2»«*
57
SMEIAEY OF SEOTim 4.1
The a lk y la t io n  o f th e  n j'lo n  was perform ed by two d i f f e r e n t  
re a g e n ts ,  TOTPB and DM8, Use o f th e  form er was found to  in c re a s e  
th e  c a t a l a t i o  a c t i v i t y  o f c a ta la s e  tu b e s  by an o rd e r 6 f  m agnitude 
over co rresp o n d in g  DMS-alk^'‘l a te d  d e r iv a t iv e s ,  \
A lthough d i r e c t  a ttach m en t o f c a ta la s e  to  th e  n y lo n -tu b e  
' r e s u l t e d  in  in a c t iv a t io n  o f th e  enzyme, th e  s u b s t i tu t io n  o f n y lo n -  
tu b e  w ith  sp ace rs  enab led  an a c t iv e  im m obilised  enzyme to  be p rep a red  
by a ttachm en t o f th e  c a ta la s e  to  th e  s u b s t i tu t e d  ny lon  v ia  a  b i -  
f u n c t io n a l  re a g e n t.  The e f f e c t  o f v a r io u s  sp ace r  compounds "on th e  
c a t a l a t i o  a c t i v i t y  o f im m obilised  c a ta la s e  was examined, and i t  was 
found th a t  an in c re a s e  in  th e  le n g th  of sp ace r employed r e s u l te d  in  
g r e a te r  r e te n t io n  o f enzyme a c t i v i t y .  In  g e n e ra l IM D A -substitu tion  
of th e  TOTPB-allcylated n y lo n -tu b e  was found to  produce a  d e r iv a t iv e  
w irh  h ig h  enzymic a c t i v i t y  end bound p ro te in  c o n te n t.
The u se  of d i f f e r e n t  b i f u n c t io n a l  re a g e n ts  f o r  th e  a ttachm en t of 
enzyme to  th e  s u b s t i tu te d  ny lon  tu b e  was a ls o  exam ined. A lthough 
d ie th y la d ip im id a te  im m obilised  6 /  more p ro te in  to  th e  su p p o rt th a n  
g lu t  a ra ld e h y d e , th e  l a t t e r  re a g e n t was found to  a f fo rd  a  more con­
v e n ie n t method due to  i t s  ease  of s to ra g e  and s t a b i l i t y .
The e f f e c t  of tu b e  d iam ete r on th e  c a t a l a t i o  a c t i v i t y  of immob­
i l i s e d  c a ta la s e  was s tu d ie d  w ith  th e  u se  of 1 mm and 2 mm-base 
nylon tu b es , The l a t t e r ,  c o n ta in in g  th e  g r e a te r  s u r fa c e  a re a , 
e x h ib ite d  60'/o more a c t i v i t y  th an  th e  fo rm er.
C o n s id e ra tio n  o f th e  d a ta  o b ta in ed  in  t h i s  s e c t io n ,  shows th a t  
th e  most o a t a l a t i c a l l y  a c t iv e  d e r iv a t iv e  p rep ared  was glutaraldehyde  
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F ig  15 o S t a b i l i t y  o f ly s in e - s i ib s t i tu te d  nylon-tu.be im m obilised 
c a ta la s e  (DMS~alk.) to  i n t e r m i t t e n t  a s sa y  i n  the  p resence  o f  1 .5
^  A c t iv i ty  im m ediate ly  a f t e r  p re p a ra t io n  ; A a f t e r  1 h  ; ■ >4 
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M # # #
Time o f A ssay A fte r P ercen tag e  K Rem aining ^PP
Lys DAE miDA (Lys Glut)p
0 100 100 100 100
1.5 84 .2 83.2 - 82
2 .5 63 .2 68,7 - -
3 .5 56.1 86,7 66
17 - 41.7 - 40
21 -  Hon L in ea r $6.1 —
24 N on L in ea r - - 29
30 II on' L in ea r - 40 .0 -
42 M — - —
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V '  'T able 5» S t a b i l i t y  o f n y lo n -tu b e  im m obilised  c a ta la s e  t  o • inberinitt ' / .  ) '
a s sa y  and s to ra g e .  D e r iv a tiv e s  were p rep ared  by DKS allqylatton ,4
f f  tg lu ta ra ld e h y d e  a c t iv a t io n  and assayed  under id e n t i c a l  conditions ^;;
d e sc r ib e d  in  t e x t .  In  a l l  cases  th e  enzyme co u p lin g  s o lu tio n  comp, i \
1 .4  mg ml~*^  c a ta la s e  in  0 .2  M -phosphate, pH 7 .8 . The fo llow ing ,/
f'
ab b rev ia tions a re  used  : Lys = L y sine -spaced  ; DAE = 1 ,2~diamino«:H«*« 
spaced  ; IMDA = 1 ,6-diam inohexane spaced  ; (Lys G lu t)2 “ Dilyrino -
.  u '- '  '  ; vspaced  ; BA = p ro te in  spaced  c a ta la s e  tu b e , ^
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4 . 2 .  STABILITY OF NYLaH-TUBB DS'IOBILISED CATALASE PREPARED BY 
DI'iS-ALKTLATION
4 ,2 ,1 ,  S t a b i l i t y  o f Im m obilised  C a ta la se  (PKS A ik .)  to
I n te r m it ta n t  Assay in  th e  P resence o f 1.$ mM-HoOg
The s t a b i l i t y  o f n y lo n -tu b e  im m obilised  c a ta la s e  to  in te r m i t ta n t
a ssa y  and s to ra g e  was s tu d ie d  in  th e  fo llo w in g  m anner. 3 m le n g th s
of EMDA-, DAE-y L ys-, D iL ys-, and p r o te in - s u b s t i tu te d  c a ta la s e  tu b es
were p rep ared  as d e s c r ib e d  in  s e c t io n  3 .2 ,  In  each case  th e  enzyme
—1co u p lin g  s o lu t io n  com prised 1 ,4  mg ml c a ta la s e .  Im m ediately a f t e r
w ashing, each d e r iv a t iv e  was assayed  by th e  r e c i r c u la t io n  a ssay
d e sc r ib e d  in  s e c t io n  3 .5 .4 ,  p e rfu sed  w ith  0 .0 $  M -p h o sp h a te , pH 6 .9 ,
and s to r e d  f i l l e d  w ith  th e  same reag e n t a t  , At v a r io u s  tim es
a f t e r  t h e i r  p re p a ra t io n , each d e r iv a t iv e  was re -a s sa y e d  and s to re d
u nder id e n t i c a l  c o n d i t io n s .  The s t a b i l i t y  of th e  d e r iv a t iv e s  was
m onito red  by measurement o f th e  K f o r  c a ta la s e  a c t i v i t y  as d e sc r ib e dapp
i n  s e c t io n  3 . $ . 1 .  A ty p ic a l  s e t  of p lo ts  i s  shown in  F ig  1 $ .  The
d e c re a s in g  s lo p e s  of th e  l in e s  re p re s e n t  th e  d e c re a s in g  K andapp
th e re f o r e  th e  d e c re a s in g  a c t i v i t y  o f th e  im m obilised  c a ta la s e  
d e r i v a t i v e .  The r e s u l t s  o b ta in ed  f o r  a l l  th e  d e r iv a t iv e s  t e s t e d  a re  
summarised in  Table $ . The DAIS-, IBÏDA-, and L y s - s u b s t i tu te d  c a ta la s e  
tu b es  l o s t  th e  m a j o r i t y  of t h e i r  a c t i v i t y  over 30 h ($ a ssay s)  w h ils t  
th e  p r o te in - s u b s t i tu te d  tu b e  r e ta in e d  70^  o f  i t s  a c t i v i t y  over a 
s im i la r  p e r io d  o f tim e . The form er tu b e s  e x h i b i t e d  n o n - l in e a r  resp o n ses  
p r io r  to  com plete d e a c t iv a t io n .  T his may be due to  t h e  lo s s  of enzymic 
a c t i v i t y  d u rin g  th e  a s sa y  i t s e l f .  I t  i s  l i k e ly  th a t  t h i s  e f f e c t  w i l l  
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4 .2 ,2 ,  HgOg D e a c tiv a tio n  o f ITylon-Tubo im m obilised C a ta la so  ’ *
The p o s s ib le  causes o f th e  la c k  o f s t a b i l i t y  a s s o c ia te d  w ith  .v, se.
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y #im m obilised  c a ta la s e  can be se p a ra te d  in to  two c la s s e s .  An in h e re n t 
i n s t a b i l i t y  may be caused  by th e  im m o b ilisa tio n  p ro cess  i t s e l f .  For 
example, on ly  on®of a  number o f s u b -u n its  may be im m obilised , cau s in g  
th e  enzyme to  lo se  i t s  s t r u c t u r a l  i n t e g r i t y  by s u b -u n its  b e in g  leach ed  
o f f  th e  su p p o rt by re a g e n ts  d u rin g  u se  of th e  im m obilised  enzyme.
The second p o s s i b i l i t y  i s  th e  occu rrence  of a s u b s t r a te  d e a c tiv ­
a t io n  where exposure to  HgOp i s  th e  cause  of lo s s  in  a c t i v i t y .  The 
l a t t e r  i s  knovai to  occur in  th e  s o lu b le  enzyme system  (52 ) .
In  o rd e r to  determ ine w hether some support e f f e c t  was th e  cause o f 
i n s t a b i l i t y ,  th e  fo llo w in g  experim ent was u n d ertak en . D u p lic a te  3 m 
le n g th s  of I#DA-subs t  i  t u t  ed c a ta la s e  tu b es  (ilMS-alk) were p rep a red  as 
d e sc r ib e d  in  s e c tio n  3 .2 ,  One was su b m itted  to  tho  p rocedu re  d e sc r ib e d  
in  th e  p rev ious s e c t io n  w h ils t  th e  o th e r  was c o n t in u a l ly  p e rfu sed  
w ith  0 .0$  M -phosphate, pH 6 .9 , over a  s im i la r  p e r io d  of tim e . The 
form er d e r iv a t iv e  was in a c t iv a te d  over a $0 h p e rio d  whereupon th e  
l a t t e r  was assayed  f o r  th e  f i r s t  tim e . The a c t i v i t y  of th e  tu b e  p e rfu se d  U iSSj
IF li 'w ith  0 .0$  M -phosphate, pH 6 .9  co rresponded  to  th e  i n i t i a l  a c t i v i t y  o f th e
■ . ■ ■ ■ ■ d e a c tiv a te d  d e r iv a t iv e .  T his r e s u l t  su g g es ts  th e  absence o f any ad v e rse  ujil’TpJ
su p p o rt e f f e c t  on th e  s t a b i l i t y  of im m obilised  c a ta la s e .
The p o s s i b i l i t y '  o f a  s u b s t r a te  e f f e c t  was then  s tu d ie d  in  th e
fo llo w in g  manner. A 4 m le n g th  of ly s in e - s u b s t i tu te d  c a ta la s e  tube
( DM8 a lk )  was p rep a red  as d e sc r ib e d  in  s e c t io n  3 ,2 ,  The enzyme
—1c o u p lin g  s o lu t io n  com prised 1.4  mg ml c a ta la s e .  The d e r iv a t iv e  
was d iv is e d  in to  fo u r  1 m s e c tio n s  which were assayed  in d iv id u a l ly  
by th e  s in g le  pass of 1,$ mM-IIgOg in  0 .0$  M -phosphate, pH 6 ,9  a t  a 
flow  r a t e  of 1.$ ml min . The segm ents were p la ced  in  s e r ie s  and 
p e rfu se d  w ith  1.$ nf'd-IigOg in  0 .0$  M -phosphate, pH 6 .9  as  d e sc rib e d  
in  s e c t io n  3*7* At tim e in t e r v a l s ,  th e  d e r iv a t iv e  was washed w ith  
0 .0$  M -phosphate, pH 6 .9  and th e  in d iv id u a l  segments re -a s sa y e d  a s .  , \
d e sc r ib e d  above. They were th en  reassem bled  in  th e  same o rd er and ,
--- -
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t h e i r  p e rfu s io n  w ith  1.5 nfW-IgO,, c o n tin u e d . The d ec re a se  in  a c t i v i t y  
of each o f th e  segm ents over a  10*5 h o f exposure to  HgOg i s  summarised 
in  Table 6 .
P e rcen tag e  Kapp Remaining a t tim e
Time (h) 0 4 .0 7 .0 10.5
Segment 1 100 43 6 6
Segment 2 100 56 44 21
Segment 3 100 60 4 7 ' 34
Segment 4 100 67 54 40
T able 6 , D e a c tiv a tio n  o f n y lo n -tu b e  im m obilised  o a ta la se  by HgOg.
A ly s in e - s u b s t i tu te d  n y lo n -tu b e  im m obilised  c a ta la s e d e r iv a t iv e  was 
c u t in to  fo u r  1 m s e c t io n s  which were assayed  in d iv id u a l ly ,  r e jo in e d  
in  o rd e r , and p e rfu se d  w ith  1.5 mlWigOg a t  pH 6 ,9  as d e sc r ib e d  in  
t  ex t •
The le a d in g  segment (number 1) r e ta in e d  43%, 6%,and 6% of i t s  
a c t i v i t y  over 4 h , 7 h , and 10.5 h r e s p e c t iv e ly .  The rear segment 
(number 4 ) reta in ed  67%, 54%, and 40% o f i t s  a c t i v i t y  over id e n t ic a l  
p e r io d s .  Thus segment 1 was d e a c tiv a te d  a t  a  f a s t e r  r a t e  th a n  segment 4» 
T his o b se rv a tio n  i s  in  k eep in g  w ith  a  s u b s t r a te  d e a c t iv a t io n  e f f e c t  where 
th e  c o n c e n tra tio n  of s u b s t r a te  i s  r e l a t e d  to  th e  r a t e  of in a c t iv a t io n .
An HgOg c o n c e n tra tio n  g ra d ie n t e x i s t s  a c ro ss  th e  n y lo n -tu b e  
im m obilised  c a ta la s e  d e r iv a t iv e  due to  s u b s t r a te  u t i l i s a t i o n .  Thus th e  
r a t e  o f any d e a c t iv a t io n  e f f e c t  dependant upon s u b s t r a te  c o n c e n tra tio n  
must a ls o  v ary  w ith  t h i s  g r a d ie n t .  The p a t te r n  o f d e a c t iv a t io n  observed 
th e r e f o r e  shows th e  p resen ce  o f d e a c t iv a t io n  of th e  im m obilised
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F ig  16 , E f f e c t  o f sp a c e rs  upon the s t a b i l i t y  o f  n y lo n - tu b e , 
im m obilised  c a ta la s e  d e r iv a t iv e s  (DMS-alk,) to  con tinuous perfusion , 
w ith  1 ,5  mM-EpOp a t  pH 6 .9  . A IM D A -substitu ted  ; M Egg albumen- 
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4 . 2 . 3 , s t a b i l i t y  of N y l 0 1 1 - T u b e  Im m obilised C a ta la se  (Dî^ üS a lk )  to
Goni;inuouG P e rfu s io n  w ith  1.5 mM-HnO^•
The s t a b i l i t y  o f n y lo n -tu b e  im m obilised  c a ta la s e  d e r iv a t iv e s  to  
con tinuous exposure w ith  1.5 mM-HgOg a t  pH 6 ,9  was s tu d ie d  by th e  
method d e sc r ib e d  in  s e c t io n  3*7* HMDA-, p r o te in - ,  and d en a tu red  
p r o te in - s u b s t i tu te d  c a ta la s e  tu b e s  (.'DFiS a lk )  were p rep a red  as d e sc r ib e d
■ ■ :'tin  s e c t io n  3 ,2 .  In  each case  th e  enzyme co u p lin g  s o lu t io n  com prised 
—11*4 mg.ml c a ta la s e .  The s t a b i l i t i e s  of th e  th r e e  d e r iv a t iv e s  were 
a s se s se d  in  th e  manner d e sc r ib e d  in  s e c t io n  3.7  a n d  a re  s h o w n  in  P ig  16, 
The M D A -su b stitu ted  c a ta la s e  tu b e  e x h ib ite d  poor s t a b i l i t y ,  b e in g  
co m p le te ly  d e a c tiv a te d  a f t e r  20 h w h ils t  th e  p r o te in -  and d e n a tu re d - 
p r o te in - s u b s t i tu t e d  d e r iv a t iv e s  r e ta in e d  }6fo and 52^  o f t h e i r  o r ig in a l  
a c t i v i t i e s  r e s p e c t iv e ly .  The l a s t  d e r iv a t iv e  th e re fo re  e x h ib ite d  
g r e a te s t  , s t a b i l i t y .  T his may be due to  th e  h i g h e r  a c t i v i t y  o f t h i s  
d e r iv a t iv e  th u s  d e p le t in g  th e  HgOg -co n ce n tra tio n  more r a p i d l y , These 
r e s u l t s  th e re fo re  su g g es t th a t  maximum s t a b i l i t y  i s  ach iev ed  on 
im m o b ilisa tio n  o f la rg e  q u a n t i t i e s  o f enzyme, ;
4 . 2 . 4 . '  S t a b i l i t y  of Im m obilised  C a ta la se  ( DMS a lk )  from
D if fe re n t  S ources
The r e s u l t s  of th e  p rev io u s  s e c t io n s  in d ic a te d  th e  i n s t a b i l i t y  o f 
b e o f - l i v e r  c a ta la s e  when im m obilised  upon DMS-eilkylated n y lo n -tu b e s ,
S c o t t  and Hammer (5 5  ) have compared th e  r e l a t i v e  s t a b i l i t i e s  o f 
s o lu b le  c a ta la s e  from mammalian and fu n g a l so u rces  and found th e  l a t t e r  
to  e x h ib i t  g r e a te r  s t a b i l i t y  to  pH extrem es and in c re a s e d  r e s is ta n c e  
t  o subs t  r a t  e d eac t iv a t  i  on.
The r e l a t i v e  s t a b i l i t i e s  o f th e  two n y lo n -tu b e  im m obilised  enzymes ' 
w ere s tu d ie d  in  th e  fo llo w in g  manner. A 6 m le n g th  o f g lu ta ra ld e h y d e  
a c t iv a te d  d en a tu red  p r o te in - s u b s t i tu t e d  n y lo n -tu b e  was p r e p a r e d  as 
d e s c r ib e d  in  s e c t io n  3 .2 ,  One 3 m le n g th  was f i l l e d  w ith  a  1 ,4  mg ml”*\- 
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P i g 17 , s t a b i l i t y  o f n y lo n -tu b e  im m obilised  c a ta la s e  derivatives ^ ^
f(DMB-alk*) from loeef- l i v e r  and fu n g a l so u rces  to  con tinuous perfupion {
w ith  1 .5  mlÆ-HgOg a t  pH 6#9 • ' © im m obilised  b e e f - l iv e r  c a ta la s e  î ^
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of c a ta la s e  from  A sp e rg illu s  N i g e r , A fte r  th e  c o u p lin g  and w ashing 
p r o c e d u r e  d e sc r ib e d  in  s e c t io n  3 . 2 , 4  th e  d e r i v a t i v e s  were assayed  fo r  
bound p ro te in  and c a t a l a t i c  a c t i v i t y .  In  each case  33 o^ o f  th e  t o t a l  
p ro te in  was coupled  and th e  b e e f - l iv e r  and fu n g a l enzyme d e r iv a t iv e s  
had c a t a l a t i c  a c t i v i t i e s  of 13 % 10 ^ cm^ rnin  ^ and 7 x 10 ^ cm^ niin  ^
r e s p e c t iv e ly .  Thus th e  im m obilised  fu n g a l c a ta la s e  d isp la y e d  54^ 
of th e  a c t i v i t y  o f th e  b e e f - l i v e r  c a ta la s e  d e r iv a t iv e .  This p a t io  
co rresponds to  th e  r e l a t i v e  s p e c i f i c  a c t i v i t i e s  o f th e  com mercial 
p re p a ra t io n s  used  in  th e  co u p lin g  p ro ced u re , ( 15,000 and 9 ,000 lU ),
The two d e r iv a t iv e s  were s u b je c te d  to  con tinuous p e rfu s io n  w ith
1.5 mK-HgOg as d e sc r ib e d  in  s e c t io n  3.7* The r e s u l t s  a re  shown in  
F ig  17. A fte r  34 h of p e r fu s io n  th e  b e e f - l iv e r  c a ta la s e  d e r iv a t iv e  
had lo s t  a l l  of i t s  a c t i v i t y ,  w hereas th e  fu n g a l d e r iv a t iv e  s t i l l  
r e ta in e d  80fo of i t s  o r ig in a l  a c t i v i t y .  Thus th e  s t a b i l i t y  of n y lo n -  
tu b e  im m obilised  c a ta la s e  (Dï<‘ÎS a lk )  i s  improved w ith  th e  u se  of fu n g a l 
c a t a l a s e .  R ece n tly , A ltm ore e t  a l ,  (20 ) have dem onstra ted  s im i la r  
im provements in  s t a b i l i t y  o f fu n g a l c a ta la s e  bound to  s i l i c a  alum ina 
p a r t i c l e s .
4 . 3 ,  STABILITY OF MYLŒ-TUBE m iO B IL ISSD  OATALASE TRFPARED BY
TOTFB-ALhYLATION
4 . 3 . 1. S t a b i l i t y  to  C o n tin u o u s  P e rfu s io n  of 1,5 mM-HgOg»
The s t a b i l i t y  o f n y lo n -tu b e  im m obilised  c a ta la s e  d e r iv a t iv e s  a t  
pH 6 .9  was s tu d ie d  in  th e  fo llo w in g  manner. A 1.5 m le n g th  o f HMBA- 
s u b s t i tu t e d  c a ta la s e  tu b e  was p rep a red  as d e sc r ib e d  in  s e c t io n  3*2,
The enzyme co u p lin g  s o lu t io n  com prised I .4  mg ml  ^ c a t a l a s e .  The 
d e r iv a t iv e  was s u b je c te d  to  co n tinuous p e rfu s io n  of 1,5 mH-HpOg in  
0 .0 5  M -phosphate, pll 6 . 9 , a s  d e sc r ib e d  in  s e c tio n  3.7* No lo s s  in  
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a s sa y in g  th e  d e r iv a t iv e  b e fo re  and a f t e r  p e rfu s io n  w ith  H gO g,'using  
th e  r e c i r c u la t io n  te c n iq u e  d e sc r ib e d  in  s e c t io n  3 , 5 . 4 *
The s t a b i l i t y  of n y lo n -tu b e  im m obilised  c a ta la s e  p rep a red  by 
TOTFB all< y la tio n  o f th e  ny lon  i s  th e re f o r e  f a r  g r e a te r  th a n  th a t ' \
o b ta in e d  w ith  DMS- a lk y la t i o n ,  th e  l a t t e r  d e r iv a t iv e  becoming in a c t iv e  
8, f t e r  only  22 h exposure to  th e  same c o n d itio n s  as shown in  s e c t io n  
4 * 2 ,3 . The reasons f o r  t h i s  s t a b i l i s a t i o n  e f f e c t  may be found by 
c o n s id e ra t io n  o f th e  d i f f e r i n g  q u a n t i t i e s  o f  enzyme bound to  th e  two 
d i f f e r Ontly  a lk y la te d  s u p p o r ts .  I t  has a lre a d y  been su g g es ted  in  
s e c t io n  4 *2 .3  th a t  an in c re a s e  in  th e  a c t i v i t y  of bound p ro te in  may 
s t a b i l i s e  th e  enzyme by in c re a s in g  th e  H^Op c o n c e n tra tio n  g ra d ie n t 
e x i s t in g  a c ro ss  th e  enzyme tu b e  due to  s u b s t r a te  u t i l i s a t i o n .  TOTPB 
a lk y la t io n  has been shown in  s e c t io n  4 *1*G to  r e s u l t  in  a  63^  in c re a s e  
in  bound p ro te in  when compared w ith  d e r iv a t iv e s  p rep a red  w ith  DHS 
allqyle/bion,
4 * 3 .2 , Bound P ro te in  S t a b i l i s a t i o n  E ffe c t o f C a ta la s e  Tubes
' The bound p ro te in  s t a b i l i s a t i o n  e f f e c t  v;as f u r th e r  s tu d ie d  in  th e  
fo llo w in g  manner. A 6 m le n g th  of a c t iv a te d  M I)A -su b s titu te d  n y lo n -  
tu b e  was p rep a red  as d e sc r ib e d  in  s e c t io n  3 .2 ,  The d e r iv a t iv e  was 
d iv id e d  in to  fo u r  1.5 m le n g th s ,  f i l l e d  w ith  enzyme co u p lin g  s o lu t io n s  
com p ris in g  0 ,25  mg ml \  0 .5  mg ml \  1 .0  mg ml \  and 4 .0  mg ml ^
c a ta la s e  r e s p e c t iv e ly ,  and th en  su b m itted  to  id e n t i c a l  co u p lin g  and w ashing
'1 !
procedu res as d e sc r ib e d  in  s e c t io n  3 * 2 .4 . The amount o f bound p ro te in  
was e s tim a te d  in  th e  manner d e sc r ib e d  in  s e c t io n  3*3, The d e r iv a t iv e s il
w ere th e n  p e rfu sed  w ith  10 mBl-HgOg in  0 ,05  M -phosphate, pH 6 , 9 , a t  25 0
and a  f lo w - ra te  o f 2 .9  ml min The s t a b i l i t y  of each d e r iv a t iv e  was
m onito red  in  th e  manner d e sc r ib e d  in  s e c t io n  3 . 6,1 and th e  r e s u l t s  a r e  '. vf;3 
shown in  P ig  I 8 , The. derivatives were found to  im m obilise  100^ o f th e  ' 'a
y  ^ 'K ,. ' I
u
F ig  18 . Dependence o f  the  s t a b i l i t y  o f n y lo n - tu b e , immobilized, 
c a ta la s e  d e r iv a t iv e s  upon th e  bound p ro te in  c o n te n t o f  th e  tu b e ,
@ 0 .26  mg ; \ B 0 .52  mg ;. A 1,04  mg ; ^  4,1 mg c a ta la s e  bound
to  1 .5  m g lu ta ra ld e h y d e  a c t iv a te d /lH 0 A -s u b s t i tu te d  n y lo n -tu b e .
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a v a i la b le  c a ta la s e  and so  c o n s is te d  o f 0 ,26  mg, 0*52 mg 1 ,04 mg and 
4,1 mg c a ta la s e  bound to  1*5 m of th e  s u b s t i tu te d  n y lo n - tu b e . The 
c a t a l a t i c  a c t i v i t y  o f each d e r iv a t iv e  was id e n t i c a l  when assayed  by 
th e  method d e sc r ib e d  in  s e c t io n  3,5*4* These d e r iv a t iv e s  l o s t  $0% 
o f  t h e i r  o r ig in a l  a c t i v i t i e s  a f t e r  ^ h , l6 h, 28 h, and $0 h 
r e s p e c t iv e ly .  Thus th e  s t a b i l i t y  o f n y lo n -tu b e  im m o b ilised ;,ca ta la se
^  1 : ' '
■ to  llrjOrj a t  pH 6 .9  in c re a s e s  w ith  th e  bound p ro te in  c o n te n t,. .The
' /, 'V ‘ " ' «n '  re a so n s  f o r  th i s  a re  no t c l e a r .  In some way, th e  p resen ce  o f
? in a c t iv e ' im m obilised  c a ta la s e  i n h i b i t s  th e  r a t e  o f s u b s t r a tè 'J  





4*3.3* E ffe c t  o f S p acers  on S t a b i l i t y  of C a ta la se  Tubes .
The e f f e c t  o f sp a c e rs  upon th e  s t a b i l i t y  of n y lo n -tu b e  im m obilised  
c a ta la s e  d e r iv a t iv e s  was s tu d ie d  in  th e  fo llo w in g  m anner, 1.5 m le n g th s  
o f HI,IDA-; a d ip ic  a,cid d ih y d ra z id e - ,  and m e th y la ted  egg-album en-sub- 
s t i t u t e d  c a ta la s e  tu b e s  w ere p rep a red  as d e sc r ib e d  in  s e c t io n  3 .2 ,
In  each case  th e  enzyme c o u p lin g  s o lu t io n  com prised 4 .4  mg.ml 
c a t a la s e .  The enzyme tu b e s  were su b m itted  to  con tinuous p e r fu s io n /  
w ith ' 10 mlvI-HgOg in  0 .05  M -phosphate, pH 6 .9 , as d e s c r ib e d  in  s e c t io n  , 
3 .6 ,1 .  The r e s u l t s  d e p ic te d  in  P ig  19, show th a t  th e  a d ip ic  a c id  
d ih y d ra z i de-subs t i  t u t  ed c a ta la .se  d e r iv a t iv e  l o s t  90‘X' o f i t s  a c t i v i t y  
over 20 h w h ils t  th e  HMDA- mrd m e th y la ted  egg-albumen s u b s t i tu te d  
d e r iv a t iv e s  r e ta in e d  70^  of t h e i r  a c t i v i t i e s  over a  s im i la r  p e r io d .
As shovrn in  Table 4, s u b s t i t u t i o n  o f n y lo n -tu b e  w ith  a d ip ic  a c id  
d ih y d ra z ide in  p la c e  o f MDA r e s u l t s  in  a  53^ drop in  bound p r o te in .
T his r e s u l t  i s  th e re f o r e  c o n s is te n t  w ith  th e  p ro te in  s t a b i l i s a t i o n  
e f f e c t  r e p o r te d  in  th e  p rev io u s  s e c t io n .  The use  of a  p ro te in  sp a c e r  in  ; 
p la c e  of HMDA d id  n o t in c re a s e  th e  s t a b i l i t y  o f th e  im m obilised  enzyme 
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P ig  19 • E f f e c t  o f  sp a c e rs  upon th e  s t a b i l i t y  o f  n y lo n -tu b e  
im m obilised  c a ta la s e  d e r iv a t iv e s  to  p e r fu s io n  w ith  10
a t  pH 6 .9  . B -  subs t i  t  u t  e d ; © A dip ic  a c id  d ihyd ra ,z ide-
s u b s t i tu t e d  ; A M eth y la ted ' egg albumen s u b s t i tu t e d  ny lo n -tu b e
\
im m ob ilised  c a ta la s e ,  s t a b i l i t y  o f an a d ip ic  a c id  d ih y d ra z i de­




' . . ’ ■■Vi
f
• f ix ?
' 'V A I ',i
i ' if  £
■ , f ï
v ' : > iX:!# # # #:#>;
,  .4 .u ?




- i " ,
■
•  ;  ', '„  
, ' i
s " ' ' i
fk'4/
^ • > >
r.
' % s: '
„f# !
•  s '




: , / ; i ih  *
of enzyme im m obilised  upon TOTPB-allqrl a t e d  n y lo n -tu b e  a lre a d y  
s L a b i l is e  th e  bound enzyme. T his e f f e c t  w i l l  te n d  to  d ec re ase  th e  
im portance of any sp a c e r  s t a b i l i s â t i:on,
4 ,3 ,4 *  E ffe c t o f S a l t  on th e  S t a b i l i t y  o f C a ta la se  Tubes
The p resence  of s a l t  i s  loi own to  d ec re a se  th e  s t a b i l i t y  of 
s o lu b le  c a ta la s e  by enhancing  th e  fo rm atio n  o f th e  s o - c a l le d  compound 
2 ( 5 4 - ) ,  The e f f e c t  of s a l t  upon th e  n y lo n -tu b e  im m obilised  enzyme 
was s tu d ie d  in  th e  fo llo w in g  manner. A 1.5 m le n g th  o f a d ip ic  a c id  
d ih y d ra z id e - s u b s t i tu te d  c a ta la s e  tu b e  was p e rfu sed  w ith  10 mM-HgOp 
ao pH 6 ,9  as d e sc r ib e d  in  s e c t io n  3 ,6 .1 ,  An id e n t ic a l  d e r iv a t iv e  was 
th e n  p e rfu se d  w ith  10 mM-HgOp in  th e  p resen ce  of 0 ,5  M-HaOl under 
id e n t ic a l  c o n d it io n s .  The s t a b i l i t i e s  o f th e  ca ta la se  d e r iv a t iv e s  in  
th e  p resen ce  and absence o f s a l t  a re  d e p ic te d  in  P ig  19. In  th e  
p resen ce  o f s a l t ,  th e  i n i t i a l  a c t i v i t y  dropped by 23‘/i and d e a c t iv a t io n  
occu rred  over a 13 h p e r io d . In  th e  absence o f s a l t ,d e a c t iv a t io n  
o ccu rred  over 23 h . Thus 0 ,5  K-HaOl, a d v e rse ly  a f f e c t s  th e  s t a b i l i t y  
o f im m obilised  c a ta la s e ,  as w e ll as t h a t  o f th e  so lu b le  enzyme,
4*3.5* S t a b i l i t y  o f Enzyme from D if fe re n t  Sources
' The e f f e c t  o f th e  so u rce  of c a ta la s e  on th e  s t a b i l i t y  o f th e  nylon-
tu b e  im m obilised  enzyme was determ ined  in  th e  fo llo w in g -m an n er. B eef-
l i v e r  and fu n g a l c a ta la s e  were im m obilised  onto s e p a ra te  1 ,5 m le n g th s
o f a c t iv a te d ,  IB îD A -substitu ted  c a ta la s e  tu b e . In each case  th e  enzyme
—1co u p lin g  s o lu t io n  com prised 1 ,4  mg ml c a ta la s e .  Each d e r iv a t iv e  was 
p e rfu se d  w ith  10 mM-HgOp in  O.O5 M -phosphate, pH 6 , 9 , as d e sc r ib e d  in  
s e c t io n  3* 6 j1 . The s t a b i l i t i e s  of th e  d e r iv a t iv e s  a re  d e p ic te d  in  
P ig  21. The b e e f - l iv e r  im m obilised  c a ta la s e  lo s t  80^ o f i t s  a c t i v i t y  
over a  p e r io d  o f 29 h w h ils t  th e  fungal enzyme lo s t  only  11^. Thus a t .
fI
km
eI y H -  - 'y;i#_
4
F i g 21 ♦ S t a b i l i t y  o f n y lo n -tu b e  im m obilised  c a ta la s e  (MS treatoi'i ' 
d e r iv a t iv e s  from b e e f - l i v e r  and fu n g a l so u rces  to  con tinuous 
p e r fu s io n  w ith  10 mlvI-HpOg a t  pH 6 ,9  • @ im m obilised  b e e f - l iv e r  





F ig  22 * S t a b i l i t y  o f  n y lo n -tu b e  im m obilised  c a ta la s e  (DjvîS treaK y  , 





p e rfu s io n  w ith  1 .0  nB'I-HgOg a t  pH 8*5 . © im m obilised  b e e f - l iv e r
c a ta la s e im m obilised  fu n g a l c a ta la se *
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pïï 6 .9 ,  th e  s t a b i l i t y  o f th e  fu n g a l c a ta la s e  was s u p e r io r  to  t h a t  of 
th e  b e e f - l iv e r  d e r iv a t iv e .
The s t a b i l i t y  of each d e r iv a t iv e  a t  a lk a l in e  pH was a ls o  d e te r ­
m ined. 1 .0  nM-HgOg in  0 .2  M -borate , pH 8 ,5  was p e rfu se d  th rough  each 
d e r iv a t iv e  a t  25^0 a n d 'a  flow  r a t e  of 2 ,9  ml min ^ . Whereas no 
d e a c t iv a t io n  o f e i th e r  d e r iv a t iv e  o ccu rred  a t  pH 6 .9 , th e  r e s u l t s ,  
d e p ic te d  in  .Fig 22, show th a t  th e  b e e f - l iv e r  and fu n g a l im m obilised  
enzymes lo s t  Y fp  and 15^ of t h e i r  o r ig in a l  a c t i v i t y  r e s p e c t iv e ly  a t  
pH 8 .5  over a 40 h p e r io d .  Thus a lth o u g h  bo th  enzymes were le s s  s ta b le  
a t  a lk a l in e  pH, th e  fu n g a l enzyme ag a in  e x h ib ite d  b e t t e r  s t a b i l i t y  th a n  
th e  b e e f - l iv e r  enzyme.
I
0w
w#. ' 8UI#IARY OF SECTIONS 4 .2 .
The s t a b i l i t y  o f s e v e ra l  n y lo n -tu b e  im m obilised c a ta la s e  d e r iv a ­
t i v e s  has been d is c u s s e d . In  g e n e ra l ,  IK'S-alkylated d e r iv a t iv e s  were 
found to  be u n s ta b le  a t  pH 6 . 9 ' i n  th e  p resence  p f 1,5 mM-H^Og» -This , 
was ex p la in ed  by a s u b s t r a te  e f f e c t  r a th e r  th an  in h e re n t i n s t a b i l i t y  
o f th e .im m o b ilise d  enzyme. The u se  o f p ro te in  sp ace rs  produced the  
most s ta b l e  IB îS -a lky la ted  c a ta la s e  tu b e s .  However, in  th e  case  o f a 
glutaraldehyde a c t iv a t e d /  d en a tu red  p ro te in  s u b s t i t u ted /D Î'B -a lk y la ted  
c a ta la s e  tu b e , a  48/ ' d e c re a se  in  a c t i v i t y  was observed over 20 h o f 
exposure to  1,5 mla-HgOg a t  pH 6 ,9  and 25°0, The u se  o f c a ta la s e  from 
a  fu n g a l o r ig in  f u r th e r  improved th e  s t a b i l i t y  o f th e  im m obilised  
d e r iv a t iv e ,  50/  lo s s e s  in  a c t iv i t y  b e in g  observed over 78 h of exposure 
to  id e n t i c a l  c o n d itio n s  as d e sc r ib e d  above.
However, g r e a te r  improvements in  s t a b i l i t y  were observed  on u s in g  
.TOTFB as th e  a lk y la t io n  re a g e n t in  th e  p re p a ra tio n  o f c a ta la s e , tu b e s ,
A g lu ta ra ld e h y d e  a c t iv a t e d /  HHDA-subs t  i  t u t  ed / TOTFB a lk y la te d  c a ta la s e  
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p e rio d  o f two w eeks. Exposure o f th e  d e r iv a t iv e  to  10 mlWipOg 
caused  lo s s e s  in  a c t i v i t y  to  o ccu r, a lth o u g h  th e  im m o b ilisa tio n  
o f la r g e r  q u a n t i t i e s  o f enzyme was observed  to  s t a b i l i s e  th e  
d e r iv a t iv e  in  some manner. The sm a lle r  amounts o f enzyme bound 
to  d ih y d ra z id e - s u b s t i tu te d  d e r iv a t iv e s  a d v e rse ly  a f f e c te d  th e  
s t a b i l i t y  o f th e se  d e r iv a t iv e s  when compared w ith  IM D A -substitu ted  
c a ta la s e  tu b e s .
The u se  of c a ta la s e  o f fu n g a l o r ig in  ag a in  improved th e  s t a b i l i t y  
o f  th e  im m obilised  c a ta la s e  such th a t  on ly  a, 1 l^ o d ec re ase  in  a c t i v i t y  
was observed  over a 29 h p e r io d  of exposure to  10 mM-IIgOg e,t pH 6.9? 
w hereas a  d e r iv a t iv e  p rep a red  u s in g  c a ta la s e  from b e e f - l i v e r  lo s t  
805  ^ o f i t s  a c t i v i t y  d u r in g  t h i s  tim e . Use of th e  fu n g a l enzyme a lso  
improved th e  s t a b i l i t y  o f n y lo n -tu b e  im m obilised  c a ta la s e  d e r iv a t iv e s
a t  pH 8 . 5 »
Thus a g lu t  a ra ld eh y d e  a c t  iv a t  e d / IBIDA-subs t  i t u t  ed / TOTFB-alkylat ed 
n y lo n -tu b e  im m obilised  fu n g a l c a ta la s e  d e r iv a t iv e  was shovrn to  e x iiib it  
th e  g r e a te s t  s t a b i l i t y .
4 , 4 . HmOXIDATIC ACTIVITY OP NYLŒ-TUBE B M 0B ILI8 ED CATALASE
4 , 4 *1* The P e ro x id a tic  A c tiv i ty  o f C a ta la se  Tubes
S o lu b le  c a ta la s e  has been shoim to  e x h ib it  p e ro x id a tic  a c t i v i t y  
in  th e  p resen ce  of HpOg and m ethanol o r e th an o l ( 5 5 -5 8 ) ,  The c a t a l a t i c  
and p e ro x id a tic  r e a c t io n s  e x i s t  in  co m p e titio n  bot'ween each o th e r  w ith ­
ou t in c re a s in g  th e  o v e ra l l  r a t e  o f HgOg u t i l i s a t i o n  ( 5 8 ) *  The perox­
i d a t i c  a c t i v i t y  o f an im m obilised  c a ta la s e  d e r iv a t iv e  v:as in v e s t ig a te d  
in  th e  fo llo w in g  manner. A 2 m le n g th  of HMDA-substitrated c a ta la s e  , 
tu b e  ( DIB a lk )  was a ssay ed  fo r  c a t a l a t i c  and p e ro x id a tic  a c t i v i t i e s  in  














F ig  23 . P e ro x id a t ic  a c t i v i t y  o f  n y lo n -tu b e  im m obilised  
c a ta la s e  i n  th e  p resen ce  and absence o f  2*5 M-methanol«
O E O g u t i l i s a t i o n  in  the  p resen ce  o f m ethanol ? #  
u t i l i s a t i o n  in  th e  absence o f  m ethanol ; □ HCHO p ro d u c tio n  in
th e  p resen ce  o f  m ethanol ; 13 HCHO p ro d u c tio n  i n  th e  absence of 
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3 . 5 *5 . In  t h i s  a ssay , both the /em ergence  of HCHO and the u t i l i s a t i o n  
of HgOg w ere m on ito red . The r e s u l t s  a re  shomi in  F ig  23. The r a t e  
of u t i l i s a t i o n  o f HpO? was id e n t i c a l  in  th e  p resence  and absence of 
mobhanol; bu t HCHO was produced only  in  th e  former c a se . The sum 
0 '' th e  p e ro x id a tic  and c a t a l a t i c  a c t i v i t i e s  of th e  d e r iv a t iv e  in  th e  
p resen ce  of m ethanol was equal to  th e  c a t a l a t i c  a c t i v i t y  in  th e  
absence o f m ethanol. T his o b se rv a tio n  su g g es ts  t h a t ,  as in  th e  
s o lu b le  system , c o m p e titio n  occurs between th e  two c a t a l y t i c  fu n c tio n s  
of c a t a la s e .  The e f f ic ie n c y  o f th e  p e ro x id a tic  co n v ers io n  was low, 
only  20^ of th e  HgOg u t i l i s e d  b e ing  co n v erted  to  HCHO. The a ssay  
c o n d itio n s  th e re fo re  seem to  fav o u r th e  c a t a l a t i c  a c t io n  o f th e  
im m obilised  enzyme.
4 . 4 *2 , E f fe c t of M ethanol C one ont ra t i  on on P e ro x id a tic  A c tiv i ty
o f C a ta la se  IMbes
The e f f e c t  of d i f f e r e n t  m ethanol c o n c e n tra tio n s  on th e  p e ro x id a tic  
n a t i v i t y  of n y lo n -tu b e  im m obilised  c a ta la s e  was determ ined  in  th e  • 
fo llo w in g  manner. A 2 m le n g th  o f HM DA-substituted c a ta la s e  tube  
was p rep a red  as d e sc r ib e d  in  s e c tio n  3 .2 .  I t  was th e n  p e rfu se d  w ith  
1 n#I- and 4  niM-HgOg in  O.O5 M -phosphate, pH 6 . 9 ? at 25°G and a flow  
r a t e  o f 1 ,4  ml min , In  each ca se  th e  tu b e  e f f lu e n t  was an a ly sed  fo r  
HgOp by th e  ac id -K I te c n iq u e  d e sc r ib e d  in  s e c tio n  3,7* 97^ convers ion
of th e  HpOg was found to  occur under th e s e  c o n d it io n s .
The p e ro x id a tic  a c t i v i t y  o f th e  d e r iv a t iv e  was th en  measured in  
th e  manner d e sc r ib e d  in  s e c t io n  3 ,6 ,4 *  The c o n c e n tra tio n  o f a lco h o l 
in  th e  0 ,0 5  M -phosphate, pH 6 , 9 , was v a r ie d  between 0 , 2 5  M and 3 .0  M- 
m e thano l. 1 rnM- 4  mM- HgOg sam ples were assayed  and th e  H antzsch
r e a c t io n  checked f o r  s u s c e p t i b i l i t y  to  v a r ia t io n  in  m ethanol concen t­
r a t i o n  by s ta n d a rd is a t io n  w ith  HCHO a t  a l l  c o n c e n tra tio n s  o f m ethanol
em ployed. The r e s u l t s  a re  shomi in  F ig  2 4 ,
s
1 1 V
& ' • 
ï - ' vŸ ■ '; '
I '
•/, '"'
F ig  24 , E f f e c t  o f  m ethanol c o n c e n tra tio n  on th e  p e ro x id a tic
< ■? h.a c t i v i t y  o f  n y lo n -tu b e  im m obilised  c a t a la s e .  o  O.25 M ; I
0 . 5  M ;  @ 1 . 5  M ;  Q 2.5 M ;  A ^ . O M - m e t h a n o l .  ^Dashed , -
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In  th e  p resence  of 2 .5  M -m ethanol, 75ÿ o f each HgO^ sample was 
u sed  p e r o x id a t io a l ly  in  th e  p ro d u c tio n  o f  HCHO. As a l l  th e  s u b s t r a te  
was u t i l i s e d  by th e  c a ta la s e  d e r iv a t iv e ,  th e  r e m a in in g  25 <^, HpOg was 
presum ably co n v erted  to  oxygen and w a te r v i a  th e  c a t a l a t i c  r e a c t io n .  
H igher c o n c e n tra tio n s  of m ethanol showed no in c r e a s e  in  th e  e f f ic ie n c y  
o f th e  p e ro x id a tic  a c t i v i t y ,  w h ils t  d e c re a s in g  c o n c e n tra tio n s  r e s u l te d  
in  co rresp o n d in g  d ec re ase s  in  th e  p e ro x id a t ic  ; c a t a l a t i c  r a t i o .  I '^ r  
example in  th e  p resen ce  of 0 ,25  K-rnethanol only  6Q’f> o f  1 mM-IIgOg and 
35^ of 4 mI'T-HpOg sam ples were co n v erted  p e r o x i d a t i o a l l y . Thus th e  
p re sen ce  o f 2 ,5  M-rnethanol i s  r e q u ire d  f o r  maximal p e ro x id a tic  a c t i v i t y  
of c a ta la s e  tu b e s .
4* 4 < E f fe c t  o f Im m o b ilisa tio n  C h e m is tr y  and Tube Diame t e r  onP e ro x id a t ic  A c tiv i ty  o f C a ta la s e  Tubes 
The e f f e c t  o f d i f f e r e n t  a lk y la t io n  p ro cesse s  and tu b e  d iam ete r on 
th e  p e ro x id a tic  a c t i v i t y  o f n y lo n -tu b e  im m obilised  c a ta la s e  was s tu d ie d  
in  th e  f o l l o w i n g  manner. Three 2 m le n g th s  of HMOA-^substituted c a ta la s e  
tu b e s  were p rep a red  in  th e  fo llo w in g  way : 1) by DÎÆS-alkylation o f 1 mm 
bo re  n y lo n - t u b e ,  2) TOTFB a lk y la t io n  o f 1 mm bore  n y lo n -tu b e , 3) TOTPB 
a lk y la t io n  o f  2 mm bo re  n y lo n - t u b e .  In  each case  th e  enzym e co u p lin g  
s o lu t io n  com prised 1 ,4  mg ml c a t a la s e .  The e f f ic ie n c y  o f th e  
p e ro x id a t ic  a c t i v i t y  of each d e r iv a t iv e  was d e te r m in e d  by th e  m ethod  
d e s c r ib e d  in  s e c tio n  3 . 6 . 4 * 1-5  mM-H^Op sam ples w ere  assay ed  in  th e
p resen ce  of 2 ,5  M -m eth an ol a t  pH 6 . 9 ,  and th e  system c a l ib r a t e d  w ith  
s ta n d a rd is e d  HCHO sam ples. The r e s u l t s  a re  shoi-m in  P ig  25 . The upper 
and lo w e r  dashed l in e s  a r e  t h e o r e t i c a l  p lo t s  r e p re s e n t in g  '100% p e ro x i­
d a t ic  and 100^  ^ c a t a l a t i c  a c t io n s  r e s p e c t iv e ly .  As t o t a l  co n v ers io n  o f 
was a t t a i n e d ,  p lo t s  l y i n g  b e tw e e n  th e  two extrem es in d ic a te  th e  
o ccu rren c e  o f b o th  a c t i v i t i e s .  I t  can b e  observed th a t  th e  2mm bore 
d e r iv a t iv e  most c lo s e ly  approached 100/o p e ro x id a tic  a c t i v i t y ,  w h i l s t  th e
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F i  g 25 • P e ro x id a t ic  a c t i v i t y  a s s o c ia te d  w ith ' n y lo n -tu b e  immobilBÊ&Al
c a ta la s e  d e r iv a t iv e s .  Bashed l i n e s  a re  th e o r e t i c a l  p lo t s  r e p r e sen tir/
100^ and 0^ p e ro x id a t ic  u t i l i s a t i o n  o f  HgOg, A 1 mm bore nylon-tubqj
im m obilised  c a ta la s e  (BMS-alk#) 1 ram bore n y lo n -tu b e  iramobilisefl
c a ta la s e  (TOTPB-alk*) ; 
(TO TFB -alk.).
2 ram bore n y lo n -tu b e  im m obilised  catalaaqg 
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1 mm bo re  DI^'B-alkylated d e r iv a t iv e  d isp la y e d  m ostly  o a t a la t io  
behav iour*  This oan be e x p la in ed  by th e  d i f f e r in g  q u a n t i t i e s  o f 
a c t iv e  enzyme bound to  th e  s u p p o r ts .  I t  has p re v io u s ly  been sliovm 
in  s e c t io n  /|.* 1 th a t  th e  enzymic a c t i v i t y  o f im m obilised  d e r iv a t iv e s  
d e c re a se s  in  th e  fo llo w in g  sequence :
TOTPB alky 2 rnm bore c a ta la s e  tu b es  > TOTFB a lk , 1 mm bo re  
o a t a la s  e tu b es  > DHS a lk  1 mm bore  c a ta la s e  tu b es  ^  In  th e  case  
o f th e  so lu b le  enzyme i t  has been found th a t  th e  r a t i o  of th e  
p e ro x id a t ic  : c a t a l a t i c  a c t i v i t i e s  in c re a s e s  w ith  in c re a s e d  enzyme 
c o n c e n tra t io n  ( 59 ) .  Thus th e  same e f f e c t  seems to  be o c c u rr in g  f o r  





4 . 4 * •  . E ffec t  of  Tube Length on P e ro x id a t ic  A c tiv i ty
The dependence of th e  p e ro x id a tic  : c a t a l a t i c  a c t i v i t y  r a t i o  on 
bound enzyrne q u a n t i ty y prom pted an in v e s t ig a t io n  in to  th e  v a r ia t io n  o f 
t h i s  r a t i o  w ith  tu b e  le n g th ,  A 1.5 m le n g th  of # D lA -su b s titu te d  2 mm 
b o re  o a ta la s e - tu b e  was p rep a red  as d e sc r ib e d  in  S e c tio n  3 .2 ,  The 
p e ro x id a t ic  a c t i v i t y  a s s o c ia te d  w ith  0 .25  m, 0 ,5  m, 1 .0  m, and 1.5 m 
l e n g th s •o f t h i s  d e r iv a t iv e  was de term ined  in  th e  manner d e sc r ib e d  in  
s e c t io n  3.6*4* The r e s u l t s ,  d e p ic te d  in  P ig  26 show th a t  w h ils t  a 
l i n e a r  re sp o n se  was o b ta in e d  f o r  b o th  th e  1.5 m and 1 .0  m le n g th s ,  th e  
re sp o n se  o f th e  two s h o r te r  tu b es  p la te a u e d  a t  h ig h e r  HgO^ concen t­
r a t i o n s .  This r e s u l t  can ag a in  be e x p la in e d  by c o m p e titio n  between th e  
two c a t a l y t i c  a c t i v i t i e s  o f • th e  enzyme, îlo rm ally , in c re a s e d  c o n ce n tra ­
t i o n s  o f HpOp fa v o r  th e  c a t a l a t i c  a c t io n .  However, th e  p resen ce  of 
la rg e  q u a n t i t i e s  o f bound enzyme in  th e  1 ,0  m and 1,5 m c a ta la s e  tu b es  
ap p ea rs  to  n eg a te  t h i s  e f f e c t .  In  th e  s h o r te r  tu b e  le n g th s ,  th e  low er 
q u a n t i ty  o f boimd enzyme i s  i n s u f f i c i e n t  to  overcome th e  e f f e c t ,  and th e  
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F ig  26 • Dependence o f  p e ro x id a t ic  a c t i v i t y  upon th e  le n g th  
o f  n y lo n -tu h e  im m ob ilised  c a t a la s e .  ^  0 .25 m ; @ , 0 .5  m ;
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F ig  27 • S tan d a rd  curve fo r  th e  e s t im a tio n  o f .H^Op u s in g  2 m 
le n g th s  of : A 2 mm hore n y lo n -tu h e  im m obilised  c a ta la s e  (TOTFB-alki/
O 1 mm bo re  n y lo n -tu b e  im m obilised  c a ta la s e  ( iO lF B -a lk .)
Q 1 mm bore  n y lo n -tu b e  im m obilised  c a b a la se  (DLLS-alk) . , .
IPSI - ■ • ' k k i k M# 1W118)*
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4 . 4 . 5 . Go m p a r i s o n  of th e  P e r o x i d a t i c  A c tiv i ty  o f  B e e f- lx v e r  and 
Ii\m,Q:al Garb a la s  e Tiibes
The p é ro x id a tic  a c t i v i t i e s  o f im m obilised  p re p a ra t io n s  o f b o th
b e e f - l i v e r  and fung 'al c a ta la s e  w e r e  compared in  th e  fo llo w in g  manner.
Ti'jo 3 m le n g th s  o f a c t iv a te d  }üîD A ~substituted n y lo n -tu b e  were p rep a red
as d e sc r ib e d  in  s e c t io n  3 . 2 ,  One such  tu b e  d e r iv a t iv e  was in cu b a ted
-1w ith  an enzyme co u p lin g  s o lu t io n  com prising  I .4  mg ml b e e f - l iv e r
—•1enzyme and th e  o th e r  w ith  1 . 4  mg ml fu n g a l enzyme. A f te r  w ashing, 
each d e r iv a t iv e  was assayed  f o r  p e ro x id a tic  a c t i v i t y  as  d e sc r ib e d  in  
s e c t io n  3 ,6 .4 .  Ho d if f e r e n c e  in  th e  r a t e  o f ÏÏGHO p ro d u c tio n  of 
e i t h e r  d e r iv a t iv e  cou ld  be d e te c te d .  Thus in  each case  th e re  must be 
s u f f i c i e n t  im m obilised  a c t i v i t y  to  a t t a i n  th e  h ig h e s t r a t i o  o f 
p e ro x id a t ic  : c a t a l a t i c  a c t i v i t y .
I t  has been shovm in  s e c t io n  4*3,5 th a t  th e  fu n g a l enzyme d is p la y s  
s u p e r io r  s t a b i l i t y .  As th e  p e ro x id a t ic  a c t i v i t i e s  of th e  fu n g a l and 
b e e f - l i v e r  im m obilised  d e r iv a t iv e s  a re  id e n t i c a l ,  th e  form er may 
th e r e f o r e  be more u s e fu l  as an in s o lu b le  enzyme f o r  a u to a n a ly t ic a l  work.
4 , 4 *6 . S t a n d a r d  Curves f o r  th e  d e te rm in a tio n  of
HpOg was determ ined  by th e  p e ro x id a t ic  r e a c t io n  o f im m obilised  
c a ta la s e  as d e sc r ib e d  in  s e c t io n  3 .6 .4 *  Three HM DA-substituted 
d e r iv a t iv e s  were p rep a red  in  -ohe fo llo w in g  way : 1 ) IMS a lk y la t io n  o f 
1mm bo re  tu b e  2) TOTPB all<yla'cion of 1mm bore tu b e , 3) TOTPB a llc y la tio n  
o f 2 mm bore  tu b e . Sach "was in s e r t e d  in to  th e  flow  system  d e sc rib e d  in  
P ig  86 and s ta n d a rd is e d  s o lu t io n s  of 1i#i -  5*i'>M”~HpOp, were sam pled. The 
s ta n d a rd  curves o b ta in ed  f o r  th e  th r e e  c a ta la s e  d e r iv a t iv e s  a re  shov/n 
in  P ig  2 7 . The h ig h e s t s e n s i t i v i t y  was o b ta in ed  w ith  th e  TOTii’.B 
a lk y la te d  2 mm bore  c a ta la s e  tu b e , w h ils t  th e  1 mm bo re  a lk y la te d  














s u p e r io r i ty  of th e  a c t i v i t y  o f th e  wide h e re  c a ta la s e  tu b es  fo r  
a u to a n a ly t ic a l  work•
!
I
4 . 4 . 7 . S t a b i l i t y  o f C a ta la s e  T ubes to  th e  P e ro x id a tic  A ction
The s t a b i l i t y  of c a ta la s e  tu b e s  w orking in  th e  c a t a l a t i c  mode 
have p re v io u s ly  been d is c u s se d  in  s e c t io n  4«3.  However, a, c a t a l a s e  
tu b e  w o r k in g  in  th e  p e ro x id a t ic  mode i s  exposed to  m ethanol and ECHO in  
a d d i t io n  to  HgOg and b u f f e r .  In  o rd e r  to  determ ine th e  o p e ra t io n a l 
b b a b i l i ty  o f c a ta la s e  tu b e s  u nder th e se  c o n d itio n s ,  th e  fo llo w in g  
experim ent was u n d e rta k en .
Two 1.5 m le n g th s  o f  H Iv lM -substitu ted  n y lo n -tu b e  im m obilised  
c a ta la s e  were p rep a red  from b e e f - l i v e r  and fu n g a l enzyme, as d e sc r ib e d  
in  s e c t io n  3 . 2 ,  Both d e r iv a t iv e s  were s u b je c te d  to  co n tinuous a n a ly s is  
o f 5 mM-HgOp as d e sc r ib e d  in  s e c t io n  3 .6 .4 ,  Each d e r iv a t iv e  was found 
to  be s ta b le  over a  p e r io d  o f 60 h over which 3600 assay s  were p e r­
form ed su g g e s tin g  th a t  no d ec re a se  in  s t a b i l i t y  of a  c a ta la s e  tu b e  i s  
caused  by exposure to  c o n d itio n s  imposed by th e  p e ro x id a tic  con v ers io n  
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SmaïAEY OF 8BCTIŒ  4 . 4
The p e ro x id a tic  and c a t a l a t i c  a c t i v i t i e s  o f im m obilised  c a ta la s e  
were in v e s t ig a te d .  The sum o f  th e  combined a c t i v i t i e s  in  t h e  presence  
of b o th  HgOg and m ethanol was f ou n d , t o  e q u a l t h e  c a t a l a t i c  a c t i v i t y  
in  th e  absence o f m ethano l. This su g g es ted  th a t  co m p e titio n  e x is t s  
betw een th e  p e ro x id a tic  o.nd c a t a l a t i c  a c t i v i t i e s .  The p resen ce  of
2 ,5  M -methanol gave t h e  h ig h e s t r a t i o  o f p e ro x id a tic  : c a t a l a t i c  
a c t i v i t y  d isp la y e d  by th e  im m obilised  d e r iv a t iv e .  The e x te n t of 
p e ro x id a t ic  a c t i v i t y  a s s o c ia te d  w ith  d i f f e r e n t  im m obilised  c a ta la s e  





d e r iv a t iv e  in  which th e  r a t i o  o f p e ro x id a t ic  : c a t a l a t i c  a c t i v i t y  was 
h ig h e r  th a n  a  d e r iv a t iv e  p re p a re d  by DI^IS-alkyl a t  io n . In c re a s in g  th e  
d ia m ete r o f th e  tu b e  from 1 -  2 mim a ls o  in c re a se d  t h i s  r a t i o .  The 
le n g th  o f c a ta la s e  tu b e  a ssay ed  was shovm to  a f f e c t  th e  e x te n t o f 
p e ro x id a t ic  u t i l i s a t i o n  o f th e  HpOg, A l i n e a r  resp o n se  o f form aldehyde 
production wi th  iiydrogon peroxide concentration wo,c o b ta in ed  using a
1.5 m le n g th  of g lu ta ra ld e h y d e  a c t iv a t e d /  I-M D A -substituted/ TOTPB- 
al.kyla'bod 2 mrn-boro/ n y lo n -tu b o  im m obilised  o a tn la o o , v/hilo  a non­
l i n e a r  resp o n se  was o b ta in e d  w ith  s h o r te r  le n g th s .  The p e ro x id a tic .
a c t i v i t y  of th e  fu n g a l enzyme was a ls o  examined and found to  u t i l i s e  
80^  o f  th e  HgOg in  a  p e ro x id a t ic  manner when im m obilised  to  a IlvJPA- 
s u b s t i t u t e d /  TO TPB -alkylated/ 2 rnra-bore/ n y lo n -tu b e .
Thus f o r  a u to a n a ly t ic a l  u se  th e  d e r iv a t iv e  d is p la y in g  th e  g r e a te s t  
p e ro x id a t ic  a c t i v i t y  was g lu ta ra ld e h y d e  a c t iv a t e d /  I® X >A -substituted/ 
TOTPB-aDcylated 2 m m -bore/nylon-tube im m obilised  fu n g a l c a ta la s e .
The s e n s i t i v i t y  of an a u to a n a ly t ic a l  system  f o r  th e  d e te rm in a tio n  
o f  HgOg u s in g  TO TPB-alkylated ny lon  tu b e , 'd e r iv à t iv e s a ô f 'jo a ta la s e  was 
found  to  be ad eq u a te .
Ï
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DE'mMDTATICN OF GLUCOSE USING HYLCN.
TCUE B3.T0BILI8ED GLUCOSE OXIDASE UT GONJUTJCTIW 












The p e ro x id a tic  a c t i v i t y  o f c a ta la s e  which was d isc u sse d  in  th e  
p rev io u s  s e c t io n ,  can he u t i l i s e d ,  in  c o n ju n c tio n  w ith  g lu co se  o x id a se , 
in  th e  d e te rm in a tio n  of g lu c o se . In  one a ssay  system , th e  HgOg which 
i s  produced by th e  prim ary  g lu co se  o x id ase  r e a c t io n  i s  u sed  in  th e  
p e ro x id a t ic  co n v ers io n  o f m ethanol to  form aldehyde by c a t a la s e .  The 
form aldehyde th u s  produced i s  q u a n t i t iv e ly  measured by means of th e  
K ant28oh r e a c t io n .  The com plete r e a c t io n  sequence fo r  t h i s  assay  i s  
s c h e m a tic a lly  re p re s e n te d  in  P ig  9*
A lte rn a t iv e ly ,  th e  HpOp produced by th e  g lucose  o x id ase  r e a c t io n  
can be used  fo r  th e  p e ro x id a t ic  co n v ers io n  o f e th a n o l to  a c e t aldehyde 
by c a t a la s e .  The ace ta ld eh y d e  th u s  produced may th e n  be m onitored  by 
a  t h i r d  enzyme, aldehyde dehydrogenase. This enzyme o x id ise s  a c e ta ld e ­
hyde to  a c e ta te  u s in g  th e  coenzyme NAD"*. Thus sp ec tro p h o to m e trio  m onit­
o r in g  o f th e fo rm atio n  o f HAbll a f fo rd s  a  conven ien t means o f m easuring 
HgOp and th u s  g lu c o se ,
A t h i r d  " re a g e n t le s s "  assay  p ro to c o l fo r  th e  d e te rm in a tio n  o f 
g lu c o se  u s in g  n y lo n -tu b e  co im m obilised  d e r iv a t iv e s  of g lu co se  ox idase  
and c a ta la s e  may be d e s ig n ed . In  t h i s  a ssay , th e  oxygen u t i l i s a t i o n  o f  
th e  g lu co se  r e a c t io n  i s  m onito red  w ith  a  flo w -th ro u g h  oxygen e lec tro d e*  
The p resence  o f excess co im m obilised  c a ta la s e ,  a lth o u g h  re p la c in g  
h a l f  o f th e  oxygen u sed  by th e  form er r e a c t io n  w i l l  en su re  th e  
absence o f e r ro r s  a r i s i n g  from endogenous c a ta la s e .
i :
5 .1 .  BETERMIHATim OP GmOCgE USING UYLON-TUBE COIKiUOBILISED 
GLÛCœS "dxIDASE MD OATnASB' .
In  a  c l i n i c a l  a n a ly t ic a l  system  in c o rp o ra tin g  n y lo n -tu b e  im m obilised  
enzymes, th e  p re p a ra t io n  o f th e  d e r iv a t iv e  i s  o f prim e im portance .
I t  has been shown in  c h a p te r  4 th a t  th e  u se  o f d i f f e r e n t  methods 







d if f e r e n c e s  in  th e  amount o f im m obilised  a c t i v i t y  r e ta in e d  by th e  
d e r iv a tiv e *  In  any a ssa y  system  i t  i s  c l e a r ly  p r e f e r a b le  to  a t t a i n  
maximal s e n s i t i v e ly .  In  th e  ca se  o f a ssay s  in v o lv in g  n y lo n -tu b e  
im m obilised  enzymes t h i s  r e q u ire s  th e  p re p a ra t io n  o f a d e r iv a t iv e  
by th e  methods th a t  produce, g r e a te s t  a c t i v i t y .
The e f f e c t  o f d i f f e r e n t  a l lg r la t in g  re a g e n ts ,  d i f f e r e n t  s p a c e rs , 
d i f f e r e n t  r a t i o s  o f th e  two enzymes in  th e  co u p lin g  s o lu t io n  and 
d i f f e r e n t  tu b e  d ia m e te rs , on th e  combined a c t i v i t y  o f g lu co se  ox idase  
and c a ta la s e  co -im m ob ilised  to  th e  same n y lo n -tu b e  was s tu d ie d  in  o rd e r  
to  produce th e  d e r iv a t iv e  b e s t  s u i te d  f o r  a n a ly t ic a l  u s e .
5 , 1. 1, P re p a ra t io n  o f ITylon-Tube G o-im m obilised G lucose Oxidase 
&md C a ta la se
I t  was p re v io u s ly  shown in  s e c t io n  4«4»3 th a t  on ly  a m in o rity  o f 
th e  HpOp u t i l i s e d  by a I)M 3-alleylated c a ta la s e  tube  was in v o lv ed  in  
th e  p e ro x id a tic  co n v ers io n  o f m othanol to  form aldehyde. K e i l in  and 
H a rtre e  (-60') have sho rn  th a t  th e  r a t i o  o f p e ro x id a tic  : c a t a l a t i c  
a c t i v i t y  o f s o lu b le  c a ta la s e  i s  low u nder c o n d itio n s  where th e  r e a c t io n  
i s  i n i t i a t e d  in  th e  p resen ce  of la rg e  c o n c e n tra tio n s  o f and h ig h
u n d er c o n d itio n s  where th e  s lo w ly  and c o n t in u a lly  g e n e ra te d ,
f o r  example by a  s u b s id ia ry  enzyme system  such as g lu co se  o x id a se .
This im p lie s  th a t  a h ig h e r  p e rce n tag e  o f HgOp produced from th e  
g lu c o se  ox id ase  r e a c t io n  would be p e r o x id a t ic a l ly  u t i l i s e d  by c a t a l a s e  
i f  th e  two enzymes were co -im m ob ilised  upon th e  same su p p o r t.  These 
•co n d itio n s  shou ld  r e s u l t  in  a s i t u a t io n  where th e  HpOg produced by th e  
g lu c o se  ox idase  r e a c t io n  co u ld  be i n s t a n t l y  u t i l i s e d  by a d ja c e n t ly  
im m obilised  c a ta la s e ,  th u s  e n su rin g  th e  absence o f h ig h  c o n c e n tra tio n s  
o f HgOg in  th e  system .
The u se  o f n y lo n -tu b e  co -im m ob ilised  g lu co se  ox id ase  and c a ta la s e  




P ig  28 • S tan d a rd  curve fo r  th e  e s t im a tio n  o f g lu co se  u s in g  
GOD/CAT d e r iv a t iv e s ,  O  TO TPB-alkylated d e r iv a t iv e  ; □ D M S ^ a lk y la W  ' ,
d e r iv a t iv e ,  ^
tt
P ig  29 , E f f e c t  o f d i f f e r e n t  sp a c e rs  on th e  combined a c t iv i t y  
o f g o d /g a t d e r iv a t iv e s .  O  Hîvû3A ; □ A d i  p i c  a c id  d lh y d raz id e  ;
@ S u c c in ic  a c id  d ih y d ra z id e .
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g lu c o se  was in v e s t ig a te d  in  th e  fo llo w in g  manner. Two 3 m le n g th s  o f 
I-MDA~Guhstituted GOD/gAT tu b e s  were p re p a re d , one u s in g  'MS as th e
,.th e  r a t e  o f g lu co se  d e p le t io n  as d e sc r ib e d  in  s e c t io n  3 .5*^  2) The
c a t a l a t i c  a c t i v i t y  o f im m obilised  c a ta la s e  in  th e  p resen ce  of only
#
1 *5 mt'-J-HpOp was m easured by d e te rm in in g  th e  1< as d e sc r ib e d  inapp
s e c t io n  3 .5*4  3) The combined a c t i v i t y  o f bo th  oo-im m obilised
enzymes in  th e  p resen ce  o f m ethanol and g lu co se  was m easured by
I
' II.'I
a lk y la t io n  reag e n t and th e  o th e r  u s in g  TOTPB. The enzyme co u p lin g  li
s o lu t io n  com prised 2 mg ml*” g lu co se  o x id ase  and 2 mg ml c a ta la s e  
in  0*2 M -phosphate, pll 7*8. The combined a c t i v i t y  o f b o th  enzymes 
co -im m ob ilised  to  each d e r iv a t iv e  was m easured by th e  a n a ly s is  o f 
1«5 nffi-glucose sam ples as d e sc r ib e d  in  s e c t io n  3 .6 .5*  The s ta n d a rd  
cu rves com piled f o r  each d e r iv a t iv e  a re  shorn  in  P ig  28. Both 
d e r iv a t iv e s  e x h ib ite d  a l i n e a r  re sp o n se  o f e x t in c t io n  w ith  g lucose  
c o n c e n tra tio n  in  th e  range  of sam ples exam ined. A lthough each 
d e r iv a t iv e  was cap ab le  o f a s sa y in g  sam ples as low as 0 .5  ml'i’-g lu o o se , 
th e  TOTPB-all<ylated GOB/GAT tu b e  had 30^ h ig h e r  a c t i v i t y  th an  th e  
co rresp o n d in g  d e r iv a t iv e  p rep a red  by ])MS~al3cylation. T h is r e s u l t  
in d ic a te s  th e  s u p e r io r i ty  o f th e  fo rm er d e r iv a t iv e  f o r  th e  a n a ly s is  
o f g lu c o se .
In  most l in k e d  r e a c t io n s  in v o lv in g  two o r more enzymes, th e re  \ ,
e x i s t s  an optimum in  th e  r a t i o  o f enzyme c o n c e n tra tio n s  p re s e n t th a t  
w i l l  produce th e  h ig h e s t  combined a c t i v i t y .  In  th e  case  o f co­
im m obilised  enzymes, th e  p rod u c t o f one im m obilised  enzyrne i s  th e  
s u b s t r a te  f o r  a n o th e r , and th e re fo re  d i f f i c u l t i e s  can be encoun tered  
in  th e  r e s o lu t io n  of th e  component a c t i v i t i e s .  In  th e  case  o f GOB/cAT 
tu b e s , th e  in d iv id u a l  and combined a c t i v i t i e s  of each im m obilised  
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Amount o f GOB:GAT p ro f fe re d  
in  co u p lin g  s o lu t io n  (mg)
. U n its  o f g lu co se  ox idase  
in  c o u p lin g  s o lu t io n
U n its  o f c a ta la s e  in  
c o u p lin g  s o lu t io n  x 10^
C a t a l a t i c  a c t i v i t y  x 10
, 2 . -1x( cm min ;
G lucose ox idase  a c t i v i t y  
(umol min^^ m” )
-1Combined a c t i v i t y  x 10 
(umol ÏÏGH0 min  ^ m  ^)
E x t in c t io n  (412 nm)
o b ta in e d  from a n a ly s is  o f 0*80
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T able 7« The e f f e c t  o f d i f f e r e n t  c o u p lin g  s o lu tio n s  on th e  in d iv id u a l  
and combined a c t i v i t i e s  d isp la y e d  by GOB/gAT d e r iv a t iv e s .  3 m le n g th s  
o f g lu ta ra ld e h y d e  ac tiv a ted /l-M B A -su b stitu ted  GOB/GAT d e r iv a t iv e s  were 
p re p a re d  under id e n t i c a l  c o n d itio n s  as d esc rib e d  in  t e x t .  Each 
d e r iv a t iv e  v/as assay ed  f o r  in d iv id u a l  and combined a c t i v i t i e s  as 
d e sc r ib e d  in  t e x t .
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followlng* th e  r a t e  o f form aldehyde p ro d u c tio n  as d e sc r ib e d  in  
s e c t io n  3 .5 .7 *  The combined a c t i v i t y  was a ls o  m easured by th e  
i n s e r t io n  o f each d e r iv a t iv e  in to  th e  flow  system  d e sc r ib e d  in  P ig  8o 
■ and a n a ly s in g  4 mïfi-gluoose sam ples in  th e  manner d e sc r ib e d  in  
s e c t io n  3 .6 ,5 .
In  an a ttem p t to  in c re a s e  th e  combined a c t i v i t y  o f  th e  oo- 
im m obilised  enzymes on DM S-allcylated GOB/gAT tu b e s , th e  r a t i o  o f 
g lu e  os o oxidaso  : c a ta la s e  in  th,o c o u p lin g  s o lu tio n s  was v a r ie d  in  
th e  fo llo w in g  manner. Seven 3 m le n g th s  o f a c t iv a te d /  ÏMDÂ- 
s u b s t i tu t e d  n y lo n -tu b e  were p rep a red  as d e sc rib e d  in  s e c t io n  3 .2 .  
C o-im m obilised  enzyme d e r iv a t iv e s  were th e n  p rep ared  by f i l l i n g  th e se  
tu b e s  w ith  co u p lin g  s o lu t io n s  com prising  : 630 and 30 000 ' ; 420 and 
30 000  ; 420 and 45 000 ; 420 and 60 000  ; 315 aJid 60 000 ; 210 and 
45 000 ; and 210 and 90 000 u n i t s  o f g lu c o se  ox idase  and c a ta la s e  
r e s p e c t iv e ly .  In  each case  th e  u n i t s  o f g lu co se  ox id ase  a c t i v i t y  
and c a ta la s e  a c t i v i t y  a re  ex p ressed  as d e s c r ib e d ,in  s e c t io n s  3 .4 .2  
and 3 . 4 *1 . The in d iv id u a l and combined a c t i v i t i e s  o f th e  co-irnm obilised  
enzymes .were measured as d e sc r ib e d  above and th e  r e s u l t s  a re  summarised 
in  T able 7 .
The im m obilised  g lu c o se  o x id ase  a c t i v i t y  p re p a re d 'fro m  co u p lin g
s o lu t io n s  con ta in in g  betw een 630 U g lu co se  ox idase (30 000 Ü c a ta la s e )
and 315 U g lu co se  ox id ase  (60 000 U c a ta la s e )  rem ained c o n s ta n t a t
1 .8  ym ol min m \  An in c re a s e  in  th e  c a ta la se  co n te n t o f th e
co u p lin g  so lu tio n  to  90 000 U c a ta la s e  (210 U g lu co se  o x id ase)
r e s u l t e d  in  th e  im m obilised  g lu co se  o x id ase  a c t i v i t y  d e c re a s in g  to  
—1 —10 .8  ^mol min m . The im m obilised  c a t a l a t i c  a c t i v i t y  in c re a se d  from 
11 X 10 ^ to  15 % 10 ^ crn^ min  ^ when th e  c a ta la s e  content o f th e  
co u p lin g  s o lu t io n  was in creased  from 30 000 U ca ta la se  (630 ÏÏ g lu co se  
o x id a se ) to  90 000 U c a ta la se  (210 U g lu co se  o x id a se ) . The combined , 
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c i r c u l a t i o n  a ssay , inc reased , from 4 .2  x 10  ^ to  5 «7 x 10  ^ umol min ^
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m when th e  g lucose  ox idase  c o n c e n tra tio n  in  th e  c o u p lin g  s o lu t io n
d e c re a se d  from 630 U (30 000 U c a ta la s e )  to  420 U (60 000 U c a t a l a s e ) .  
In c re a s in g  th e  c a ta la s e  co n te n t o f th e  c o u p lin g  s o lu t io n  to  90 000 II 
c a t a la s e  (210 U g lu co se  o x id ase) r e s u l t e d  in  a  d ec re ase  in  th e  combined 
a c t i v i t y .  Thus maximal combined a c t i v i t y  was o b ta in ed  w ith  a  d e r iv a t iv e  
p rep a red  from a  c o u p lin g  s o lu t io n  com p ris in g  420 U g lu co se  ox idase  and 
60 000 U c a ta la s e .  This co rresponded  to  a  co u p lin g  s o lu t io n  c o n ta in in g  
1 mgml^^ g lucose  o x id ase  and 2 mg ml  ^ c a t a la s e .
The o b se rv a tio n  th a t  in c re a s in g  th e  c a ta la s e  c o n te n t o f th e , 
c o u p lin g  s o lu t io n  from 60 000 TJ c a ta la s e  (420 U g lu co se  o x id ase) to  
90 000 U c a ta la s e  (210 Ü g lu co se  o x id ase) r e s u l t e d  in  a  h ig h e r 
im m bbilised  c a t a l a t i c  a c t i v i t y  a t  th e  expense o f b o th  im m obilised  
g lu c o se  ox idase  a c t i v i t i e s  and c o m b in e d -a c tiv it ie s  i s  in  k eep ing  w ith  
a  s i t u a t i o n  where th e  c a ta la s e  i s  im m obilised  in  p re fe re n c e  to  th e
g lu c o se  ox idase  owing to  th e  h ig h ■c o n c e n tra tio n  of th e  form er enzyme.
'T his would a ls o  cause th e  combined a c t i v i t y  to  d ec rease  i f  th e  g lu co se  
o x id a se  s te p  was r a t e  l im i t in g .
A lthough a 7ÿ in c re a s e  in  th e  combined a c t i v i t y  o f DÎ<IS -a lk y  1 a t  ed 
GO.b/OAT tu b e  was r e a l i s e d  by ad ju stm en t o f th e  enzymic com position  of 
th e  c o u p lin g  s o lu t io n ,  th e  a c t i v i t y  of such  a d e r iv a tiv e -  rem ained 23 v^ 
low er th a n .th e  co rresp o n d in g  d e r iv a t iv e  p rep ared  by TO TFB-alkylatioii 
o f  th e  n y lo n - tu b e . Thus th e  a lk y la t io n  o f n y lo n -tu b e  w ith  TOTPB in  ",
p la c e  o f BEo in  th e  p re p a ra t io n  o f GOB/CAT tubes  r e s u l t s  in  a  more 
s e n s i t i v e  a u to a n a ly t ic a l  system  f o r  th e  d e te rm in a tio n  o f g lu c o se .
The e f f e c t  o f  sp a c e rs  on th e  a c t i v i t y  o f TOTPB-alTsylated GOB/CAT 
tu b e s  was determ ined  in  th e  fo llo w in g  m anner, 3 m le n g th s  o f a d ip io  a c id  
d ih y d ra z id e  - ,  s u c c in ic  and d ih y d ra z id e -  and M B A -su b s titu te d  GOB/cAT 






co u p lin g  s o l u t i o n  c o n ta in e d  1.5 mg ml g lu co se  o x idase  and 2 ,0  mg 
ml*"* c a ta la s e  in  0 ,2  M -phosphate, pli 7 ,8 .  Each was in s e r te d  in to  th e
';■ ;,1
4 f l o w  system  d e sc r ib e d  in  P ig  8c and th e  combined a c t i v i t y  m easured
j by th e  co m p ila tio n  o f a  g lu co se  s ta n d a r d  curve as d e sc r ib e d  above.
The r e s u l t s  p re se n te d  in  P ig  29 , show  th a t  th e  th e  a d ip ic  a c id  
d ih y d ra z id e -  and s u c c in ic  a c id  d ih y d ra z id e -  s u b s t i tu t e d  d e r iv a t iv e s  
d isp la y e d  on ly  46^  and 38^? r e s p e c t iv e ly  o f th e  combined a c t i v i t y  
o f a  iniDA-subs t  i  t u t  ed GOD/GAT tu b e . T h ere fo re  in  a l l  subsequent 
s tu d ie s  on system s f o r  th e  a n a ly s is  o f g lu c o se , M B A -su b s titu te d
' u d e r iv a t iv e s  were p re p a re d .
' ' '  '' 5 . 1*2 , O perat i  onal G on d i t  i  ons
The s e n s i t i v i t y  o f  many assay  system s can be v a r ie d  by changing
th e  o p e ra t io n a l  c o n d i t io n s .  In  p a r t i c u la r ,  a s sa y  system s in c o rp o ra tin g  
: ■ enzymes a re  o f te n  s u s c e p t ib le  to  pH v a r ia t io n  owing to  th e  pH
"! ' dependence of enzymes. T h ere fo re  th e  e f f e c t  of pH upon th e  a c t i v i t y
o f g o b /o a t tu b es  was s tu d ie d  in  o rd e r  to  determ ine b o th  th e  suscept*
A b i l i t y  o f th e  a s s a y  system  to  f lu c tu a t io n s  o f  pH and th e  op tim al
o p e r a t i o n a l  pH.
In  o rd e r  to  d e term ine  th e  e f f e c t  o f pH upon th e  combined a c t i v i t y  
o f th e  GOD/GAT system , pH p r o f i l e s  were f i r s t  com piled f o r  b o th  
s o lu b le  g lu co se  o x id ase  and s o lu b le  c a t a la s e .  The pH dependence o f 
th e  fo rm er enzyme was s tu d ie d  by m easuring th e  r a t e  o f oxygen d e p le tio n  
a t  d i f f e r e n t  pH v a lu e s  in  th e  manner d e sc r ib e d  in  s e c t io n  3 .4 * 2 , The , : 
pII dependence o f s o lu b le  c a ta la s e  was s tu d ie d  b y  m easuring t h e  r a t e  
o f HpOg u t i l i s a t i o n  a t  d i f f e r e n t  pH v a lu e s  as d e sc r ib e d  in  s e c t io n  3.4*1 
The r e s u l t s  o f th e se  experim ents a re  shovm in  P ig  30a and in d ic a te  th a t  
th e  g lu co se  ox id ase  ezd iib its  maximal a c t i v i t y  in  th e  ran g e  pH 5*5 **• 5*7 
and th e  c a ta la s e  d is p la y s  i t s  maximal a c t i v i t y  in  t h e  range pH 6 ,8 ,  -  7*0
F ig  50(a )  shows th e  e f f e c t  o f  pH upon the  a c t i v i t y  o f
s o lu b le  c a ta la s e  ; and S  so lu b le  g lucose  o x id a se .
F ig  50(b ) shows th e  e f f e c t  o f pH upon th e  a c t i v i t y  o f 
O n y lo n -tu b e  im m obilised  c a ta la s e  ; and □ n y lo n -tu b e  immobilised 
g lu co se  o x id a se .
■|1"
F ig  5 0 ( c )  shows th e  e f f e c t  o f  pH upon th e  combined a c t i v i t y  of 
a GOD/OAT d e r iv a t iv e .





















• ■ A 'n
■'  A3 ^  ^f









This in d io a te s  th a t  th e  pH optiimim o f a lin k e d  r e a c t io n  in v o lv in g  
th e  so ln h le  enzym es w i l l  l i e  in  th e  range pH 5*5 ~ 7 . 0 .
However, th e  im m o b ilisa tio n  o f some enzymes to  n y lo n -tu h e  has 
been shown to  cause d e v ia tio n s  in  th e  pH p r o f i l e . ( 6 l  ) .  In  o rd er 
to  a s c e r t a in  w hether any such  e f f e c t s  occur w ith  g lu co se  ox idase  
an d  c a ta la s e ,  th e  e f f e c t  of pH upon each o f th e  im m obilised  enzym es  
was in v e s t ig a te d  in  th e  f o l l o w i n g  manner. A 1 m l e n g t h  of IBTDA- 
s u b s t i tu t e d  o a t a l a s e  tu b e  and a  1 m le n g th  of HM DA-substituted g lu co se  
o x id ase  tu b e  w ere  p rep a red  as d e sc r ib e d  in  s e c tio n  3 .2 .  The dependence 
o f th e  im m obilised  o a /ta la se  w as s tu d ie d  by m easuring th e  d e p le t io n  o f 
HgOg o c c u rr in g  in  a  s in g le  pass o f  1 ,5 mlWIpOg th rough  a  10 cm leng*bh 
o f  d e r iv a t iv e  as d e sc r ib e d  in  s e c t io n  3 .5 .2 .  The pll dependence o f  a 
g lu co se  ox idase  tu b e  was s tu d ie d  by th e  in s e r t io n  o f a  50 cm l e n g t h  
o f th e  d e r iv a t iv e  i n t o  th e  flow  system  d e sc rib e d  in  .Fig 7 and sam pling  
4 mM-glucose s o lu tio n s  as d e sc r ib e d  in  s e c tio n  3 .6 .2 ,  The r e s u l t s  o f 
th e s e  experim ents a re  shovm in  F ig  30b and in d ic a te  t h a t  th e  immobil­
i s e d  g lu co se  ox idase  d e r iv a t iv e  e x h ib ite d  maximal a c t i v i t y  between a 
range  pH 5 .5  5*9  and th e  c a ta la s e  tu b e  d isp la y e d  i t s  maximal
a c t i v i t y  in  th e  rvuige pH 6 .4  -  7 .2 ,  This in d ic a te s  th a t  th e  pH optimum 
o f th e  l in k e d  r e a c t io n  shou ld  l i e  in  th e  range pH 5*5 *" 7 . 2 ,
Comparison of th e  e f f e c t  o f pH upon th e  a c t i v i t i e s  o f s o lu b le  and 
im m obilised  g lu co se  o x id ase  shows th a t  d e v ia tio n s  to  o ccu r in  th e  pH 
p r o f i l e  o f th e  im m obilised  enzyme, th e  g e n e ra l e f f e c t  o f w h ic h  i s  th a t  
th e  l a t t e r  i s  le s s  dependent upon pH th a n  th e  s o lu b le  enzyme* S im ila r  
r e s u l t s  can be observed  by com parison o f th e  e f f e c t  o f pH on th e  
a c t i v i t i e s  o f s o lu b le  and im m obilised  c a t a la s e .  H ow ever, th e  pH 
p r o f i l e s  o b ta in ed  f o r  b o th  so lu b le  and in s o lu b le  c a ta la s e  have to  be 
t r e a te d  w ith  c a u tio n . Chance ( 6 2 ) .  h a s  shown t h a t  th e  ap p aren t pH 





” t IÎ' 3 1. , . x .
J«
‘82
dependence o f th e  f i r s t  o rd e r  r a t e  c o n s ta n t .  This has been found to  be 
independen t o f pH in  th e  range  4 - 1 1 ,  th e  sp u rio u s  pH p r o f i l e  be ing  
due to  th e  pH dependence o f th e  r a t e  of fo rm atio n  o f th e  ^ so -ca lled *  
compound 2 .  The r a t e  o f fo rm atio n  o f  t h i s  in a c t iv e  HgOg -  c a ta la s e  
com plex i s  s lo w est between pH 6 ,8  and 7 .0 ,  r e s u l t in g  in  th e  ap p aren t 
pH optimum o b ta in ed  a t  th e s e  v a lu e s .  I t  i s  p robab le  t h a t  t h i s  e f f e c t  
a ls o  occurs in  th e  im m obilised  enzyme a lth o u g h  no experim ents have been 
perform ed to  v e r ify  th e  pH independence o f th e  f i r s t  o rd e r  r a t e  con­
s t a n t  o f th e  im m obilised  enzyme. The fo rm atio n  o f compound 2 has been 
shown to  in a c t iv a te  th e  s o lu b le  enzyrne ( $2 ) .  T h ere fo re  th e  p H .p ro fil 'e  o f 
im m obilised  c a ta la s e ,  by in d ic a t in g  th e  pH range between which compound 
2 fo rm atio n  i s  s lo w e s t, may a ls o  in d ic a te  th e  pH range o f g r e a te s t  
s t a b i l i t y  to  HpOg ex posu re .
The e f f e c t  o f pH upon th e  combined a c t i v i t y  o f a co -im m obilised  
GOI)/CAT tu b e  was f u r th e r  s tu d ie d  in  th e  fo llo w in g  manner. A 1 m le n g th  
o f  M D A -su b s titu te d -  GOb/CAT tu b e  was p rep a red  as d e sc r ib e d  p re v io u s ly .
A 50 cm len g th  o f t h i s  d e r iv a t iv e  was assayed  a t  d i f f e r e n t  pH v a lu es  
by i t s . in s e r t io n  in to  th e  flow  system  d e sc r ib e d  in  F ig  8a^ and th e  
a n a ly s is  of 4  mH-glucose sam ples as described  in  s e c t io n  3 .6 ,3 .  The 
r e s u l t s  of t h i s  experim ent a re  shown in  F ig  30c and in d ic a te  th a t  th e  
combined a c t iv i ty - h a s  a pH optimum in  th e  range pH 5*5 5*9» However
o n ly  a 5/^ d ec re ase  in  a c t i v i t y  was observed  over th e  range  pH 5*0 -  
7 . 0 . This in d ic a te s  th e  r e l a t i v e  i n s e n s i t i v i t y  to  pH o f a  g lucose  
a n a ly s is  system  u s in g  a  co -im m obilised  GOb/CAT tu b e . The resp o n se  o f 
th e  combined a c t i v i t y  o f th e  oo-im m obilised  enzymes i s  v e ry  s im i la r  to  
t h a t  o f th e  im m obilised  g lu co se  o x id a se . As th e  pH dependence o f most 
lin k e d  system s w i l l  be governed by th e  r a t e  l im i t in g  s te p ,  th e s e  r e s u l t s  
su g g e s t th a t  in  th e  ca se  o f th e  GOb/CAT tu b e  assayed , g lu co se  ox idase  
i s  th e  l im i t in g  s te p .
i liff;* 
#Im




For t l ïG  d e te rm in a tio n  o f  g lu co se  th e s e  r e s u l t s  su g g est tho/b th e  
h ig h e s t combined a c t i v i t y  o f th e  two enzymes co -im m ob ilised  w i l l  be a t t ­
a in ed  between pH 5«5 -  5»9« However, when d e s c r ib in g  th e  o p e ra t io n a l  
pH o f any a n a ly se r  system , e f f e c t s  such as enzymic s t a b i l i t y ,  c a r ry  
over e tc ,  cannot be ig n o re d . O p era tio n  a t  pH 6 ,9  s a c r i f i c e s  on ly  
6^ b o f th e  combined a c t i v i t y  and shou ld  ensu re  in c re a se d  s t a b i l i t y  o f 
im m obilised  c a ta la s e  due to  th e  d ec reased  r a t e  o f fo rm a tio n  o f com­
pound 2 , For th e s e  rea so n s  th e  a n a ly s is  o f g lu co se  was perform ed 
a t  pH 6 . 9 .
5 . 1, 3 , O p e ra tio n a l Perform ance ;
The o p e ra t io n a l  perform ance o f any a u to a n a ly t ic a l  system  i s  an 
im p o rtan t f a c to r  d e c id in g  w hether o r n o t th e  system  i s  a c c e p ta b le  in  
c l i n i c a l  la b o ra to r ie s  f o r  ro u t in e  a n a ly t ic a l  p u rp o ses . The o p e ra t io n a l  
perform ance o f GOO/CAT tu b e s  in  th e  au to an ad y sis  o f g lu co se  was 
in v e s t ig a te d  by s tu d y in g  th e  ma,ximum a ssa y  c a p a c ity  o f th e  system , 
th e  e x te n t of c a r ry  over a s s o c ia te d  w ith  th e  system , and th e  ma,ximurn 
o p e ra t in g  r a t e  o f th e  system .
The number of r o u t in e  assay s  perform ed every  day in  a  c l i n i c a l  
la b o ra to ry  re q u ire s  th a t  AA 1 a u to a n a ly se r  system s a re  o p e ra ted  a t  
sam pling  r a te s  o f 60 p e r h o r h ig h e r .  The maximum sam pling  r a t e  th a t  
can be ach ieved  fo r  any system  depends in  p a r t  upon th e  e x te n t o f 
c a r r y  o ver. C arry  over may be o p e ra t io n a l ly  d e fin e d  as th e  c r o s s -  
co n tam in a tio n  o f sam ples in  th e  l i q u id  stream  o f th e  a u to a n a ly s e r .
In  p r in c ip le ,  th e  sam ple p u lse  shou ld  e x is t  in  d i s c r e t e  s e c tio n s  
o f th e  a ir-seg m en ted  s tream , r e s u l t in g  in  a  sq u a re -sh ap ed  peak on th e  
re c o rd e r  a f t e r  th e  a n a ly t i c a l  r e a c t io n  has ta]^en p la c e .  However, in  
p r a c t i s e  t h i s  i s  r a re ly , ach iev ed  owing to  th e  o ccu rren ce  o f such 









F ig  31(a )  and 31(b) « R ecorder t r a c e s  o b ta in e d  from th e  
d e te rm in a tio n  o f 2-10 mM-glucose sam ples -using a  DM8 - a lk y la te d  












d i f f u s io n a l  e f f e c t s  in  th e  d ia j.y se r  m odule. In  th e  p a r t i c u l a r  
ca se  o f the system s in c o rp o ra tin g  n y lo n -tu b e  im m obilised enzymes, 
th e r e  i s  an e x t r a  c o n s id e ra tio n  in  th a t  th e  s u b s t r a te s  a n d /o r 
r e a c t io n  p ro d u c ts  niciy adso rb  onto th e  su r fa c e  o f th e  n y lo n - tu b e . 
These fa c to r s  in tro d u c e  c a r ry  over in to  th e  system , r e s u lt in g  in  
a  b road en in g  o f th e  peaks, u s u a l ly  accompanied by a  co rresp o n d in g  
d e c re a se  in  peak h e ig h t,  and e le v a tio n  of th e  b a s e - l in e  between 
th e  peal'cs. At h igh  sam pling  r a t e s  on ly  a  sm all volume of a i r -  
segm ented l iq u id  s e p a ra te s  each sam ple and th e re fo re  any change in  
peak shape caused  by carry over may le a d  to  e x te n s iv e  c r o s s -  
exam ination  of sam ples, r e s u l t i n g  in  poor accuracy  and p r e c is io n .
The e x te n t o f c a r ry  over a s s o c ia te d  w ith  th e  a n a ly s is  of 
g lu c o se  u s in g  TOTFB- and D K 8-alky lated  /  M B A -su b s titu te d  GOB/GAT 
tu b es  was determ ined  in  th e  fo llo w in g  m anner. D u p lic a te  sam ples 
o f g lu co se  were assayed  by each d e r iv a t iv e  in  th e  manner d e sc r ib e d  
in  s e c t io n  3«6*5 a t  sam pling  r a te s  up to  60 per h . The re c o rd e r  
t r a c e s  o b ta in ed  from a n a ly s is  o f g lu co se  by a  BM S-alkylated 
d e r iv a t iv e  a t  sam pling  r a t e s  o f 30 p er h and 60 per h a re  shovm 
in  P ig s  31a and 31b, and in d ic a te  th a t  w h ile  e r ro r s  o f  app rox im ate ly  
o ccu rred  a t  a sam pling  r a t e  o f 30 p e r h, e r ro r s  o f up to  12'/ 
o c c u rre d  a t  60 samples p er h . T h ere fo re  h ig h e r sam pling  r a te s  
le a d  to  u n acc ep tab le  e r ro r s  due to  c a r ry  o v er. S im ila r ly ,  th e  
maalmurn r a t e  a t ta in a b le  f o r  th e  a c c u ra te  a n a ly s is  o f form aldehyde 
s ta n d a rd s  was a lso  30 p e r h . Replacem ent o f th e  enzyme tu b e  w ith  
u n tr e a te d  n y lo n -tu b e  enab led  form aldehyde s ta n d a rd s  to  be acc u r­
a t e ly  an a ly sed  a t  r a t e s  up to  60 p e r h . These r e s u l t s  su g g est 
t h a t  BM S-allqylation o f n y lo n -tu b es  prom otes th e  a d so rp tio n  of 
form aldehyde to  th e  su p p o r t.  No in c re a s e  in  sam pling r a t e  vras 
ach iev ed  by th e  a d d i t io n  of 0.,2 M-NaCl and 'ifo (w /v) B r i j  35
j < ( î
• * ,/i.
P ig  52(a )  and 52(b) • R eco rder t r a c e s  o b ta in e d  from the  
d e te rm in a tio n , o.f 2-10 mM-gluoowe sam ples a t  a sam pling r a t e  o f 
60 p e r  hour u s in g  : (a )  A GOD/OAT d e r iv a t iv e  th a t  had  been 
p re p a re d  by means o f  r e a c t io n  w ith  TOTFB f o r  10 min ;
(b ) A god/ cat d e r iv a t iv e  t h a t  had  been p rep a red  by means o f  
r e a c t io n  w ith  TOTFB f o r  50 min*
i' :


















d e te rg e n t to  th e  r e a g e n ts .  This im p lie s  th e  p resen ce  o f s tro n g
1a d so rp tio n  o f s u b s t r a te s  a n d /o r  r e a c t io n  p ro d u c ts  to  th e  n y lo n -tu b e ,
A TOTRB-allqylated GOD/gAT tu b e  was examined in  a  s im i la r  manner
to  t h a t  d e sc r ib e d  above. The re c o rd e r  t r a c e  o b ta in ed  from  th e  
a n a ly s is  o f g lu co se  a t  a  sam pling  r a t e  of 60 p e r h i s  shown in  
P ig  3 2 a ,  and in d ic a te s  th a t  th e  re q u ire d  accuracy  o f g lu co se  
d e te rm in a tio n  can be a t ta in e d  by sample r a t e s . a s  h ig h  as 60 p e r h . 
T h is  su g g es ts  th a t  ny lon  t r e a te d  w ith  TOTPB m ain ta in s  a  g r e a te r
' \  v". *< / J s u r fa c e  i n t e g r i t y  th a n  DlvlS-allqylated n y lo n , th u s  l im i t in g  th e
J , e x te n t o f a d so rp tio n  o f s u b s t r a te s  a n d /o r  r e a c t io n  p ro d u c ts  onto
‘ ■ ■ ■ ■th e  s u r fa c e  o f th e  n y lo n - tu b e , ■
X I The e f f e c t  o f l o n g e r  a lk y la t io n  tim es on th e  c a r ry  over
I a s s o c ia te d  w ith  TOTPB-allqrlated tu b es  was f u r th e r  examined in  th e
ÿ 5 o b ta in e d  by a n a ly s is  o f g lu co se  a t  sam pling  r a te s  o f 60 p e r h u s in g
tu b e s  p rep a red  by 10 min and 30 min a lk y la t io n  tim es a re  shown in
fo llo w in g  m anner. Three 3 m l e n g t h s  o f RM BA-substitutod OOD/OAT ■
d e r iv a t iv e s  were p rep a red  under th e  c o n d itio n s  d e sc r ib e d  in  
' s e c t io n  3 .2  except th a t  th e  a lk y la t io n  re a c t io n  was allow ed  to  co n - '
t in u e  f o r  10, 20, and 30 min r e s p e c t iv e ly .  The re c o rd e r  t r a c e s  I
-1 P ig s  32a and 32b, These r e s u l t s  in d ic a te  t h a t  o n ly  th e  d e r iv a t iv e
p re p a re d  by th e  10 min a lk y la t io n  tim e cou ld  be used  to  determ ine
g lu c o se  a t  r a te s  as h ig h  as 60 p er h . This im p lie s  t h a t  p ro longed
a lk y la t io n  o f th e  n y lo n -tu b e  in c re a s e s  th e  e x te n t o f  a d s o rp tio n  - '/li i
o f s u b s t r a te s  a n d /o r  r e a c t io n  p ro d u c ts  onto th e  s u r fa c e  o f  th e  n y lo n . '
T his e f f e c t  i s  m a n ife s ted  by in c re a s e d  c a r ry  over in  th e  system  th u s  '-
n e o e e s s i t a t in g  low er sam pling  r a t e s .) 1 
 ^ The i n a b i l i t y  o f - a l k y l a t e d  GOD/GAT tubes to  a n a ly s e  g lu co se  ‘ ’ 'jjf
i  sam ples a t  r a te s  exceed ing  30 p er h g r e a t ly  d ec re ase s  t h e  u t i l i t y  o f " - / I t
such  a d e r iv a t iv e  f o r  a u to a n a ly t ic a l  pu rpose . As p re v io u s ly  s t a t e d ,  V








35 • The e f f e c t  o f 10 000 aqueous g lucose  a ssa y s  upon the  
a c t i v i t y  o f  a  GOD/CAT d e r iv a tiv e *
□ A c t iv i ty  im m ediate ly  a f t e r  p re p a ra t io n  ; O A c t iv i ty  a f t e r  
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th e  number of g lucoee an a ly se s  perform ed in  c l i n i c a l  la b o ra to r ie s  
n e c e s s i t a te s  th e  u se  o f system s cap ab le  o f perform ing’ a t  l e a s t  60 
a ssa y s  p er h." E x is t in g  methods f o r  g lu c o se  d e te rm in a tio n  (b o th  
chem ical and enzymic) meet t h i s  re q u ire m en t, and th e re fo re  th e se  
r a t e s  have to  be .ach ieved  in  im m obilised  enzyme system s i f  th e
l a t t e r  system s a re  to  be o f any s ig n if ic a n c e *  The D M S-alkylated 
OOD/CAT tu b e  a s sa ^  system  has been shovm to  e x h ib it  le s s  s e n s i t ­
i v i t y  in  g lu co se  a n a ly s is  and le s s  o p e ra t io n a l  c a p a c ity  th a n  th e  
co rresp o n d in g  TO'TFB-alkylatod d e r iv a tiv e *  For th o se  re a so n s , BMS- 
a lk y la te d  GOD/GAT tu b e s  were deemed u n s u i ta b le  fo r  th e  au to ­
a n a ly s is  of g lu c o se .
The a p p l i c a b i l i t y  o f a  n y lo n -tu b e  im m obilised  enzyme system  
f o r  th e  d e te rm in a tio n  o f  m e ta b o li te s  such  as g lucose  i s  a lso  
dependent upon th e  s t a b i l i t y  o f th e  im m obilised  p re p a ra t io n .  For 
re a so n s  of economics and conven ience, a  n y lo n -tu b e  im m obilised  
enzyme a ssay  system  has to  be cap ab le  o f perfo rm ing  la rg e  numbers 
o f assays b e fo re  i t  can be acc ep ted  as a s u ita b le , a n a ly t i c a l  to o l .
The o p e ra t io n a l  s t a b i l i t y  o f GOD/CAT tu b e s  in  th e  autom ated a n a ly s is  
o f aqueous g lu co se  s o lu t io n s  was de term ined  in  th e  fo llo w in g  manner,
A 3 m le n g th  o f IH-'EDA-substituted G0!D/0AT tube  was p rep a red  as 
d e s c r ib e d  in  s e c t io n  3 .2 .  The enzyme co u p lin g  s o lu t io n  com prised
— 1 r —12 mg ml g lu co se  oxidase and 2 mg ml c a ta la s e  in  0 .2  M -phosphate 
pli 7 ,8 .  The d e r iv a t iv e  was in s e r t e d  in to  th e  flow  system  d e sc rib e d  
in  P ig  8c and 1-5 r# -g lu c o s e  sam ples were assayed  a t  a  r a t e  o f 60 
p e r  h . At in te r v a ls  th e  sam pling  r a t e  was d ecreased  to  40 p e r  h and 
s ta n d a rd  cu rves were com piled . In  t h i s  way th e  combined a c t i v i t y  
o f  th e  co -im m obilised  d e r iv a t iv e  was m onitored  th roughou t a p e r io d  
o f one week d u rin g  which tim e 10 000 con tinuous assay s were perform ed, 
, The s ta n d a rd  curves com piled b e fo re  and a f t e r  th e  con tinuous a ssay  o f 
10 000 g lu co se  sam ples a re  shown in  F ig  33. A lthough a  I6fa d ecrease
f  % '''% ^ rrI#
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F ig  54 * S tan d a rd  curve f o r  
GOB/CAï  d e r iv a t iv e  in s e r t e d  in to  
m odule.
□  Sam pling r a t e  o f  40 p e r  h  
O Sam pling r a t e  o f  60 p e r h
the  e s t im a tio n  o f  g lucose  u s in g  a 
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F ig  35(a )  and 35(b) • R ecorder t r a c e s  o b ta in e d  from the  
d e te rm in a tio n  o f 2-10 mM-glucose sam ples u s in g  a GOD/CAT d e r iv a tiv e  
in s e r t e d  in to  a flow  system  c o n ta in in g  a  d ia ly s e r  m odule. Samples 
Y/ere de term ined  a t  r a t e s  o f 40 and 60 p er h r e s p e c t iv e ly .
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i l l  a c t i v i t y  o ccu rred  d u rin g  t h i s  p e r io d , adequate  combined a c t i v i t y  
rem ained to  ensure th e  s e n s i t i v i t y  o f th e  a s sa y . Thus one GOD/cAT 
tu b e  ill otvpablo of pe rfo rm ing  at, loani; 10 000 annayn in d ic a t in g  th e  
u t i l i t y  o f such a system  f o r  th e  a n a ly s is  of g lu c o se ,
5 . 1. 4 * D eterm ination  o f  Serum Glucose
The experim ents perform ed in  th e  p rev ious s e c tio n s  to  determ ine 
th e  u t i l i t y  o f a GOD/GAT system  fo r  g lu co se  d e te rm in a tio n s  have 
in v o lv ed  th e  a n a ly s is  o f e/iueoua g lu co se  s o lu t io n s ,  However, most 
c l i n i c a l  an a ly ses  a re  perform ed upon w hole-b lood  ( 9 )•  For t h i s  
re a so n  a l l  system s in v o lv in g  enayme re a c t io n s  have to  in c lu d e  
d ia ly s e r s  in  o rd e r  to  p rev en t in te r fe r e n c e  of th o  a s sa y  by b lood 
enzymes. This i s  achieved by d ia ly s i s  o f the sample whereby tho  
low m olecu la r w eight m e ta b o l i t i e s , p re s e n t in  th e  serum, a re  
c o l le c te d  in to  an air-segm ented r e c ip ie n t  s tream . In  th e  case  o f 
g lu c o se  d e te rm in a tio n  u s in g  GOD/OAT d e r iv a tiv e s , 0. d ia ly se r  has to  
be in c o rp o ra te d  in to  th e  system  to  prevent p o s s ib le  in te r f e r e n c e  
by p rote in s p re s e n t in  b lood  on th e  a ssay  system . The flow  system  
used f o r  th e  determ ination of g lu co se  in  serum i s  shown in  F ig  10a. 
The norm al c o n c e n tra tio n  o f g lu co se  in  venous b lood  l i e s  in  the  
ran g e  3 .6  -  6 .3  mM-glucose ( 6 5 ) ,  and any a u to a n a ly t ic a l  system  
f o r  th e  c l i n i c a l  determ ination o f g lu co se  must d is p la y  adequate  
s e n s i t i v i t y  fo r  sam ples in  th e  range 0 ,5  mlK~10 mM—g lu c o se . The 
s e n s i t iv i t y  of g lu co se  d e te rm in a tio n  o b ta in ed  by th i s  system  and i t s  
o p e ra tio n  r a t e  were f i r s t  determined by th e  a n a ly s is  of 2 — 10 mï/f- 
g lu co se  sam ples a t  sam pling  ra tes  o f 40 and 60 per h . The s ta n d a rd  
curves th u s  o b ta in ed  are shown in  F ig  34 and in d ic a te  th a t  th e  system  
d is p la y s  adequate s e n s i t i v i t y  fo r  u se  as a method fo r  th e determ in­




F ig  36 • The e f f e c t  o f 10 000 serum assa y s  upon th e  a c t i v i t y  of 
a g o d /c a t d e r iv a t iv e .
□ A c t iv i ty  im m ediate ly  a f t e r  p re p a ra t io n  ; O A c t iv i ty  a f t e r  
10 000 serum a s s a y s .
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w ere com plied a re  eliown in  P ig s  35a  and 35I3 and i n d i c a t e  t h a t  no 
marked c a r r y  over occurs  a t  sam pling r a t e s  up to  60 p e r  h .
The o p e ra t io n a l  s t a b i l i t y  o f  GOf/CAT tu b es  to  th e  c o n d itio n s  
employed in  t h e  a n a ly s is  o f aqueous g lu co se  has been p re v io u s ly  
d is c u s s e d . H ow ever, serum i s  a complex s o lu tio n  in  w h ic h  enzyme 
i n h ib i to r s  and d e a o t iv a to rs  may a ls o  be p re s e n t .  W h ile  t h e  
d ia ly s i s  o f serum  removes compounds o f h ig h  m olecu la r w e ig h t  
from th e  assay  s y s te m , lo w  m o lecu la r w eight compounds a r e  c o l le c te d  
in  th e  a ir-seg m en ted  r e c ip ie n t - s t r e a m . In  o rd er to  d e term ine  w hether 
such  compounds have an ad v erse  e f f e c t  upon th e  combined a c t i v i t y  o f 
a  GOf/CAT d e r iv a t iv e  i t ' s  s t a b i l i t y  to  serum a n a ly s is  was i n v e s t ­
i g a t e d  in  th e  fo llo w in g  m anner. A 3 m le n g th  o f IH'IOA-subs t  i  t  u t  ed 
g o b /g a t tube  was in s e r t e d  in to  th e  flow  system  d e sc r ib e d  in  ? i g  10a. 
2 - 1 0  mM-glucose sam ples were assay ed  a t  a  sam pling r a t e  of 40 p er 
h , and a s ta n d a rd  curve com piled as d e sc r ib e d  in  s e c t io n  3 .6 .6 ,
Bovine serum samples were th en  assay ed  co n tin u o u s ly  a t  sam pling 
r a t e s  o f 60 p er h f o r  a  p e r io d  of one week d u rin g  which tim e 10 000 
serum assay s  were perform ed . The s t a b i l i t y  of th e  d e r iv a t iv e  was 
d e term ined  by com parison w ith  a  s ta n d a rd  curve com piled a f t e r  th e  
com pletion  of th e  serum a s s a y s . The r e s u l t s  o f t h i s  experim ent a re  
shown in  P ig  36 and in d ic a te  th a t  a lth o u g h  th e  a c t i v i t y  o f th e  
d e r iv a t iv e  decreased  by 22^ over 10 000 a ssa y s , s u f f i c i e n t  a c t i v i t y  
rem ained f o r  th e  a n a ly s is  o f f u r th e r  sam ples. Thus th e  s t a b i l i t y  of 
a  g o d /g a t tu b e  i s  s u f f i c i e n t  f o r  th e  d e te rm in a tio n  o f a t  l e a s t  
10 000 serum assay s p e r  d e r iv a t iv e .
The a p p l ic a t io n  o f co -im m ob ilised  GOD/GAT d e r iv a t iv e s  fo r  th e  
c l i n i c a l  d e te rm in a tio n  o f g lu co se  has th e re fo re  been shovm to  a t t a i n  
th e  s ta n d a rd s  o f s e n s i t i v i t y ,  speed  o f o p e ra tio n , and s t a b i l i t y  
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5 . 2 .  DBTm im TATim  op  GLUCCGE USING NYLCM-TUBli: m iO D ILISBD 
^ C C B P  QKIDASB P f  8]Fl5B KlËnfYLaT-W BE D-mOBILIGED
CATALASE
5 .2 .1 .  O p era tio n a l C o n d itio n s  and Perform ance
As d isc u sse d  in  th e  p rev io u s  s e c t io n ,  th e  p e ro x id a tic  u t i l i s a t i o n
o f  HgOg i s  more e f f i c i e n t  when th e  HgOg i s  c o n tin u o u s ly  g en e ra ted
in  s i t u  r a th e r  th an  added in  d i s c r e t e  c o n c e n tra t io n s .  However, r e s u l t s
p re v io u s ly  p re se n te d  in  s e c t io n  4*4*3 show th a t  a lE ID A -suhstitu ted
2mra~'bore n y lo n -tu b e  im m obilised  c a ta la s e  d e r iv a t iv e  p rep a red  by
TOTFB a lk y la t io n  i s  c a p a b le  o f u s in g  83/? o f a 4 mM-HgOg sample in
a p e ro x id a tic  manner, w hereas a DM S-alkylated d e r iv a t iv e  cou ld  only
u se  3 7 / o f th e  HgOg in  such a  manner. These r e s u l t s  su g g est th e
p o s s i b i l i t y  o f d e te rm in in g  g lu co se  by means of a ,sy s tem  in c o rp o ra tin g
s e p a ra te  le n g th s  o f TOTFB-alkylated n y lo n -tu b e  im m obilised ' d e r iv a t iv e s
o f  g lu co se  ox idase  and c a ta la s e  deployed in  s e r i e s .  The combined
a c t i v i t i e s  o f th e  s e q u e n tia l  TOTFB-alkylated d e r iv a t iv e s  and th e  c o -
im m obilised  GOD/GAT tu b e  were compared in  th e  fo llo w in g  manner*
2 m le n g th s  o f M D A -su b s titu te d /l and 2 m m -bore/nylon-tube im m obilised
g lu co se  o x id ase , 2 m le n g th s  o f B M D A -substitu ted/1 and 2 mm-bore/
n y lo n -tu b e  im m obilised  c a ta la s e  and a 3 mm le n g th  o f H K D A -substitu ted/
1 mm b o re /n y lo n -tu b e  co -im m ob ilised  g lu co se  ox idase  and c a ta la s e  were
p rep a red  as p re v io u s ly  d e sc r ib e d . In  each case  th e  enzyme co u p lin g
—1s o lu t io n  com prised 3 mg ml o f th e  re s p e c t iv e  p ro te in  in  0 .2  M~ 
ph o sp h a te , pH 7*8. The o v e ra l l  a c t i v i t y  o f th e  co-im m obilised  d e r iv ­
a t iv e  and b o th  th e  1 mm and 2 mm bore s e p a ra te ly  im m obilised  d e r iv a t iv e s  
were m easured by t h e i r  in s e r t io n  in to  th e  flow  system  d e sc r ib e d  in  
F ig  10b and th e  co m p ila tio n  o f s ta n d a rd  curves f o r  g lu co se  as 







P ig  57 • Comparison o f th e  comhined a c t i v i t y  o f  a  GOD/CAT 
d e r iv a t iv e  w ith  th a t  o f  n y lo n -tu b e  im m obilised  d e r iv a t iv e s  o f glucoae 
o x id ase  and c a ta la s e  p la c e d  i n  s e r i e s .
O 1 mm bore n y lo n -tu b e  GOD/cAT
a  1 mm bore n y lo n -tu b e  d e r iv a t iv e s  o f g lu co se  ox idase  and cata lase  
i n  s e r i e s .
□ 2 mm bore n y lo n -tu b e  d e r iv a t iv e s  o f  g lucose  o x idase  and cata lase

























&F ig  38 . S tan d a rd  curve f o r  th e  e s t im a tio n  o f g lucose  u s in g  
n y lo n -tu b e  im m obilised  d e r iv a t iv e s  o f g lucose  o x idase  and c a ta la s e  






























i n  P ig  37 and in d ic a to t h a t  th e  combined a c t i v i t y  o f th e  two 1 mm bore  
sep a ra te ly  im m obilised  d e r iv a t iv e s  was only 2 (ÿ  l e s s  th an  th a t  o f th e
1 mm bo re  co-im m obilised  d e r iv a tiv e *  The combined a c t i v i t y  o f th e  two
2 mm bo re  enzyme tu b es  was 2$^ higher than th e  1 mm-bore co-im m obil- 
is e d  enzyme tu b e . This can be exp lained  by th e  greater  su rface a re a  
o f th e  form er d e r iv a t iv e s .  I t  has a lre a d y  been shown th a t the  
a c t i v i t y  o f im m obilised  c a ta la s e  i s  in c re a se d  by use  o f tu b e s  w ith  
l a r g e r  d iam ete r and t h i s  r e s u l t  su ggests  th a t  a s im i la r  e f f e c t  a lso  
occurs w ith  g lucose  oxidase th u s  ca u s in g  g r e a te r  HgOg p ro d u c tio n  as 
w e ll as greater  p e ro x id a tio  u t i l i s a t i o n  of the EgOg by c a t a la s e .
Thus th e  u se  o f 2 m len g th s of 2 mm bore  g lucose  ox id ase  tu b e  and 2 mm 
bore c a ta la s e  tu b e  in  th e  d e te rm in a tio n  of g lucose  p ro v id e  an an a ly ­
t i c a l  system e x h ib it in g  adequa te  s e n s i t i v i t y  fo r  u se  in  c l i n i c a l  
l a b o r a to r i e s .
As d isc u sse d  p re v io u s ly , i t  i s  necessary  to  in c lu d e  a d ia ly s e r  
i n to  the flow  system when a ssa y in g  w hole-b lood  by any method in v o lv in g  
g lu c o se  oxidase and c a t a la s e .  The system  used fo r  th e  d e te rm in a tio n  
o f  g lu cose in  serum i s  shovm in  P ig  10b. The s e n s i t iv i t y  of g lucose  
d e te rm in a tio n s  u s in g  a ssay  t h i s  system was f i r s t  determined by the  
com pilation  o f a s ta n d a rd  curve fo r  g lu co se  as d e sc r ib e d  in  s e c t io n  
3 , 6 . 7 . The r e s u l t s  a re  shovm in  F ig  38 and in d ic a te  th a t  adequate
s e n s i t i v i t y  i s  ach ieved  by t h i s  system .
The e f f e c t  o f the le n g th  o f each d e r iv a t iv e  on the combined
a c t iv i t y  vras determined in  th e  fo llo w in g  manner. In  one
experim ent, th e  le n g th  o f c a ta la s e  tu b e  v/as m ain ta ined  a t  2 m w hile  
th e  length  o f g lu cose o x id ase  tube  was v a r ie d  from 0 ,5  m to  2 .0  m.
In  an o th e r  experim ent, the le n g th  o f  the g lucose o x id ase  tube v:as k ep t 
c o n s ta n t a t  2 m and th e  len gth  o f c a ta la s e  tube  varied  from 0 ,25 m to  
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P ig  59 • Dependence o f  th e  combined a c t i v i t y  o f  n y lo n -tu b e  
im m ob ilised  d e r iv a t iv e s  o f  g lu co se  ox idase  and c a ta la s e  upon the  
le n g th  o f  g lucose  o x id ase  tu b e . I n  each  case  th e  le n g th  o f the  
c a ta la s e  tube was k e p t c o n s ta n t a t  2 m ,
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F ig  40 , Dependence o f  th e  combined a c t i v i t y  o f n y lo n -tu b e  
im m ob ilised  d e r iv a t iv e s  o f  g lucose  ox idase  and c a ta la s e  upon the  
le n g th  o f  c a ta la s e  tu b e . I n  each  case the  le n g th  o f  g lucose  oxidase 
tube was k e p t c o n s ta n t a t  2 ra,
® 2 m ?  ® 1 .0  m ? □ 0 .5  m ? m 0 .25 m le n g th  o f  c a ta la s e  tube,
F ig  41 . Dependence o f  p e r o x id a t io ^ a c t iv i ty  upon th e  le n g th  
o f n y lo n -tu b e  im m obilised  c a t a la s e .
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measured, "by t h e i r  in s e r t io n  in to  th e  flow  system  d e sc r ib e d  in  F ig  10b 
and th e  co m p ila tio n  of a  s ta n d a rd  curve as d e sc rib e d  p re v io u s ly ,
Where th e  c a ta la s e  tu b e  le n g th  was v a r ie d ,  a s ta n d a rd  curve fo r  
HpOp was a lso  com piled in  o rd e r  to  m on ito r th e  changing p e ro x id a tio  
a c t i v i t y  o f th e  c a ta la s e  d e r iv a t iv e .  The r e s u l t s  o f th e se  experim ents 
a re  shorn  in  F ig s 39^41• D ecreasing  th e  length, of th e  g lu co se  ox idase  
tu b e  from 2 m to  1.5 m r e s u l t e d  in  no lo s s  in  combined a c t i v i t y ,  whereas 
f u r th e r  d ec rease s  in  tu b e  le n g th  r e s u l t e d  in  co rresp o n d in g  d ec rease s  in  
combined a c t i v i t y .  This su g g es ts  th a t  th e  u se  of 2 m and 1,5 m le n g th s  
o f g lu co se  ox idase  en su res  maximal co n v ers io n  of g lu co se  in  th e  sam ple. 
T his w i l l  n o t n e c e s s a r i ly  be ^QQ% o f th e  t o t a l  g lu co se  owing to  th e  
i n a b i l i t y  of g lu co se  o x id ase  to  u t i l i s e  oC -  D -g lucose ,
D ecreasing  th e  le n g th  of th e  c a ta la s e  tube  employed in  th e  a ssay  
system  from 2 m to  1 .0  m r e s u l t e d  in  no d ec re ase  in  th e  combined 
a c t i v i t y .  This su g g e s ts  th a t  1 m o f d e r iv a t iv e  i s  r e q u ire d  fo r  
maximal p e ro x id a tio  co n v ers io n  o f F u r th e r  d e c re a se s  in  th e
le n g th  o f th e  c a ta la s e  tu b e  r e s u l t e d  in  d ec rease s  in  b o th  combined 
and p e ro x id a tio  a c t i v i t y  su g g e s tin g  th a t  th e  p e ro x id a tio  con v ers io n  
o f  th e  EpOp produced by th e  g lu co se  ox id ase  r e a c t io n  was le s s  e f f i c i e n t  
a t  th e s e  le n g th s .
These experim ents su g g es t th a t  1,5 m le n g th s  o f each d e r iv a t iv e  
a re  adequa te  to  ensu re  maximal s e n s i b i l i t y  o f g lucose  a n a ly s i s .
The o p e ra t io n a l s t a b i l i t y  o f th e  system  fo r  th e  d e te rm in a tio n  o f 
serum g lucose  was in v e s t ig a te d  in  th e  fo llo w in g  manner. 1 .5 m le n g th s  
o f n y lo n -tu b e  im m obilised  g lu co se  ox idase  and n y lo n -tu b e  im m obilised 
c a ta la s e  were in s e r t e d  in to  th e  flow  system  d e sc rib e d  in  F ig  10b, and 
a  s ta n d a rd  curve f o r  g lu co se  com piled by th e  a n a ly s is  o f 2 -  10 mBl- 
g lu c o se  sam ples. Serum sam ples were th en  assayed  a t  a  r a t e  of 60 p e r  h 
f o r  a  p e r io d  of 50 h, a f t e r  which a  f u r th e r  s ta n d a rd  curve was com piled .
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No lo s s  in  combined a c t i v i t y  was observed  over 3 000 oo n tinnone 
a ssay s  on serum, showing th a t  th e  s t a b i l i t y  of th e  a ssa y  system  i s  
adequa te  fo r  c l i n i c a l  a n a ly t i c a l  p u rp o ses .
Tvro c o n tro l  serum sam ples o f Ion own g lucose  c o n c e n tra tio n  were 
a ssay ed  u s in g  t h i s  sy stem ,. The im m obilised  enzyme gave v a lu es  o f 
5 ,2 4  mî'î- and 2 .62 mM-glucose, These r e s u l t s  compared w ith  v a lu es  
of 5*33 r # -  and 2 .66 mM-glucose r e s p e c t iv e ly  o b ta in ed  by a n a ly s is  
of th e  serum u sin g  th e  a u to a n a ly t io a l  p rocedure o f T rin d e r  ( 7 ) ,  
Thus a  c o r r e la t io n  between th e  T rin d e r ( s o lu b le  g lu co se  o x id a se / 
p e ro x id a se )  system  and th e  im m obilised  g lucose  ox id ase  4- o a ta la s e  
system  was o b ta in e d . This in d ic a te s  th a t  th e  e s tim a tio n  o f g lucose  
u s in g  th e  im m obilised  enzyme system  d e sc r ib e d  in  t h i s  s e c t io n ,  
p roduces r e s u l t s  th a t  co rrespond  w ith  th ose  o b ta in ed  by methods 
a lre a d y  in  u se  in  c l in i c a l  l a b o r a to r ie s .
5*3" DSTERMnrATIŒ  OP GLUC06B USING NYLm-TUBE DîNOBILISiSI) 
D m f7ATIvA  CÜCÎIWlsls, ÔAT&IJW3]3, AÔÎb lllîîl&rXÏÎB
]QK EdERllÈ)
There e x is t s  two sch o o ls  o f thought w ith  regard to  m e ta b o lite  
d e te rm in a tio n  u s in g  a u to a n a ly t io a l  system s in c o rp o ra tin g  enzymic 
r e a c t io n s . One i s  th a t such system s should be brought doxni to  an 
* a u to a n a ly tio a l common denom inator'. This common s te p  i s  g e n e ra lly  
regarded as th e  p ro d u c tio n  (o r  d isap p ea ran ce ) o f th e  coenzyme NADH 
w hich can be m onito red  sp e c tro p h o to m e tr ic a l ly  at 340 nm. The o th e r  
sch o o l of thought arg u es th a t  a u to an a lysis  u s in g  coenzymes i s  too  
expensive  a t  th e  p re s e n t tim e owing to  th e  volume of re a g e n ts  u sed  
and th e  co st of com m ercially a v a i la b le  p re p a ra t io n s .  However, 
th e r e  no/#exist a new range o f a n a ly se rs  in  which th e  volumes of th e  
re a g e n t stream s have been d r a s t i c a l l y  reduced , th u s  d e c re a s in g  th e  

















in v o lv in g  ooenzymes may th e re fo re  'become more econom ically  v ia b le  
in  th e  f u tu r e .
This s e c t io n  in d ic a te s  th e  method by which th e  d e te c t io n  o f 
g lu c o se  u s in g  n y lo n -tu b e  im m obilised  d e r iv a t iv e s  o f g lu co se  ox idase  
and o a t a la s  e can be c o n v e rted  from sp ec tro p h o to rn e trio  a n a ly s is  o f th e  
H antzsch  r e a c t io n  a t  412 nm, to  sp ec tro p h o to rn e trio  a n a ly s is  o f NADH 
p ro d u c tio n  a t  340 nm. This system  a ls o  in v o lv es  th e  p e ro x id a tic  
a c t io n  o f im m obilised  c a t a la s e .  However, in  t h i s  in s ta n c e ,  e th an o l 
i s  co n v erted  to  ace ta ld eh y d e  by c a ta la s e  in  th e  p resence  o f th e  HpOg 
g e n e ra te d  by th e  p rim ary  g lu co se  o x id ase  r e a c t io n .  The ace ta ld eh y d e  
in  tu rn  i s  o x id ise d  to  a c e ta te  by aldehyde dehydrogenase w ith  th e  
ooncommitant re d u c tio n  o f HA.T)’^ to  HADH. The l a t t e r  i s  m onitored  
s p e c tro p h o to m e tr ic a l ly  a t  340 nm, th u s  p ro v id in g  an a ssa y  p ro to c o l 
f o r  g lu co se  th a t  can be m easured at 340 nm,
5 .3 .1 *  P re p a ra tio n  o f Ilyloiu-liibe Im m obilised  Aldehyde Dehydrogenase
The e f f e c t  of d i f f e r e n t  methods o f enzymic a ttachm en t on th e  
r e te n t io n  o f im m obilised  a c t i v i t y  was s tu d ie d  in  th e  fo llo w in g  manner. 
The .use o f d i f f e r e n t  b i fu n c t io n a l  re a g e n ts  were in v e s t ig a te d  by th e  
p re p a ra t io n  o f 2 m le n g th s  o f d ie th y la d ip im id a te- and g lu ta ra ld e h y d e -  
a c tiv a te d /IB ID A -su b s titu te d / 1 mm b o re /n y lo n -tu b e  im m obilised  aldehyde 
dehydrogenase. In  each case  th e  d e r iv a t iv e  was assay ed  f o r  bound 
p r o te in  and enzyme a c t i v i t y  by th e  methods d e sc rib e d  in  s e c tio n s  3 .3  
and 3 .5 * 8 . The r e s u l t s  o f th e se  experim ents a re  summarised in  Table 8* 
The g lu ta ra ld e h y d e -  and d ie th y la d ip im id a te -a c t iv a te d  d e r iv a t iv e s  bound 
0 ,7  and 0 ,95  mg m p r o te in  r e s p e c t iv e ly .  The d e r iv a t iv e s  d isp la y e d  
a c t i v i t i e s  o f 0 ,02  and 0 ,1 4  umol min  ^ m  ^ r e s p e c t iv e ly ,  co rresp o n d in g  
to  p ro te in  s p e c i f ic  a c t i v i t i e s  o f 0 .4  and 2 ,2  nmol min  ^ mg Thus 
u se  o f d ie th y la d ip im id a te  in  p la ce  o f glu tara ldehyde produced a 7 - fo ld
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' hmore a c t iv e  im m obilised d e r iv a t iv e .  The r e l a t i v e  la c k  o f s p e c i f i c i t y "  ' 
' o f  glutaraldehyde compared w ith  d ieth y lad ip im id ate  has a lre a d y  been 
d is c u s s e d .in  s e c tio n  4 ,1*5 w ith  re g a rd  to  th e  im m o b ilisa tio n  o f 
c a ta la s e  and s im i la r  re a so n in g  may be u sed  in  the case  o f aldehyde 
dehydrogenase.
INt/lMDA/G/AD INt/m.lM/A/AD 2Nt/l-B1X)A/A/AD 2Nt/AIl/A/k] '
T o ta l p ro te in  bound 
' (mg)
. P ro te in  bound p e r 
'• m eter o f tube (mg m )
A c tiv i ty  
y (umol min m
S p e c if ic  a c t iv i t y



















Table 8 . P re p a ra tio n  o f  n y lo n -tu b e  im m obilised  aldehyde dehydrogenase. 
D e r iv a tiv e s  were p re p a re d  under id e n t i c a l  c o n d itio n s  as d e sc r ib e d  in  
t e x t .  In  each ca se  th e  enzyme co u p lin g  s o lu tio n s  com prised 2 mg ml 
aldehyde dehydrogenase in  0 ,2  M -phosphate, pH 7*8. D e r iv a tiv e s  were 
a ssay ed  f o r  bound p ro te in  and enzymic a c t i v i t y  as d e sc rib e d ,- in  t e x t .
The e f f e c t  o f th e  d iam ete r o f n y lo n -tu b e  on th e  a c t i v i t y  o f  " <1 ■ 
im m obilised  d e r iv a t iv e s  o f a ldehyde dehydrogenase was a ls o  in v e s tig a te d *  
A 2 m length  o f d ie tliy la d ip im id a te -a c tiv a te d /IB ID A -su b s ti tu te d /2 mrn b o re /  
n y lo n -tu b e  im m obilised  h ldehyde dehydrogenase was p rep a red  in  th e  manner 
d e sc r ib e d  in  s e c t io n  3 , 2 ,  The d e r iv a t iv e  was assay ed  f o r  bound p rote in  
and enzymic a c t i v i t y  as d e s c r ib e d  in  s e c tio n s  3 ,3  and 3.5*8* The 
r e s u lt s  o f t h i s  experim ent a re  summarised in  T able 8 . The 2 mm bore 





o f 0 ,264  umol min  ^ m co rresp o n d in g  to  a p rotein  s p e c i f i c  a c t i v i t y
. ~1 -1 ' ''o f 4*0 u'iiol min mg . Thus use  o f th e  2 mm bore tu b e  in  p la ce  o f 1 mrn
f t  H
'I '  f
4^
13^
b o re  tu b e  in c re a se d  th e  a c t i v i t y  o f th e  im m obilised  d e r iv a t iv e  by 
yo, A s im i la r  r e s u l t  was o b ta in ed  f o r  th e  im m o b ilisa tio n  o f 
c a ta la s e  onto 2 mrn boro  n y lo n -tu b e  and has been d isc u sse d  in  
c h a p te r  4»
The e f fe c t - 'o f  d i f f e r e n t  sp a c e rs  on th e  r e te n t io n  o f im m obilised  
a c t i v i t y  was in v e s t ig a te d  by th e  p re p a ra t io n  o f d ie th y la d ip im id a te - ' 
a c t iv a te d /a d ip ic  a c id  d ih y d ra z id e - s u b s t i tu te d /  2 mm b o re  nylon-tube  
im m obilised  aldehyde dehydrogenase in  th e  manner d e sc r ib e d  in  s e c t io n
3 .2 ,  The d e r iv a t iv e  was assayed  f o r  bound p ro te in  and enzyme a c t i v i t y  
as' d e sc r ib e d  in  s e c tio n s  3 .3  and 3 .5 .8 ,  The r e s u l t s  'o f  t h i s  e x p e r-  
ment a re  a ls o  summarised in  Table 8 . The a d ip ic  a c id  d ih y d ra z id e -  
s u b s t i tu t e d  d e r iv a t iv e  bound on ly  52/'« as much p ro te in  as th e  
c o rre sp o n d in g  M D A -su b stitu te d  tu b e , but e x h ib ite d  78^ of th e  
a c t i v i t y  a s s o c ia te d  w ith  th e  l a t t e r  d e r iv a t iv e .
C o l le c t iv e ly  from th e s e  r e s u l t s  i t  was deemed n e c e s sa ry  to  employ 
d ie th y la d ip im id a te - a o t iv a te d ,  2 mm bo re  s u b s t i tu te d  n y lo n -tu b e  
im m obilised  d e r iv a t iv e s  o f aldehyde dehydrogenase in  an a u to a n a ly t io a l  
a ssa y  o f g lu c o se .
5 . 3 . 2 . The A u to a n a ly tio a l .D eterm ination of G lucose and S t a b i l i t y
to  Serum
■
The flow  system  employed fo r ’ th e  d e te rm in a tio n  o f g lu co se  u s in g  
n y lo n -tu b e  im m obilised  d e r iv a t iv e s  o f g lu co se  o x id ase , c a ta la s e  and 
aldehyde dehydrogenase i s  shown in  F ig  13. The s e n s i t i v i t y  o f g lucose  
d e te rm in a tio n  u s in g  t h i s  a s sa y  p ro to c o l was f i r s t  in v e s t ig a te d  u s in g  
2 m le n g th s  o f g lu t  a ra ld e h y d e -a c t iv a t  ed/HMDA-subst i t u t  e d /2 mrn bore 
n y lo n -tu b e  im m obilised  d e r iv a t iv e s  o f g lu co se  ox idase  and c a ta la s e  in  
s e r i e s  w ith  1) a 2 m le n g th  o f d ie thy lad ip im idate -ao tiva ted /H M D A - 
s u b s t i tu t e d /2  mm bore aldehyde dehydrogenase tube  ; and 2) a  2 m le n g th  
o f  d ie th y la d ip im id a te - a c t iv a te d /a d ip ic  a c id  d ih y d raz id e  s u b s t i tu t e d /2  mm
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F ig  42 • S tan d a rd  cu rv es  f o r  th e  e s t im a tio n  o f  g lucose  u s in g  
n y lo n -tu b e  im m obilised  d e r iv a t iv e s  o f  g lucose  ox id ase  , c a ta la s e  
and aldehyde dehydrogenase i n  s e r i e s .
I n  each case  i d e n t i c a l  d e r iv a t iv e s  o f g lucose  o x id ase  and 
c a ta la s e  were used  
□  M M - s u b s t i tu te d  n y lo n -tu b e  im m obilised  aldehyde dehydrogenase 











G L U C O S E  ( m M )
»F ig  43(a) and 43(%) • R ecorder t r a c e s  o b ta in e d  from the  
d e te rm in a tio n  o f 2-10 mivl-glticose a t  sam pling r a t e s  o f  60 p e r h  
u s in g  n y lo n -tu b e  im m ob ilised  d e r iv a t iv e s  o f g lucose  ox id ase  , 
c a ta la s e  and aldehyde dehydrogenase i n  s e r i e s .  In  each  case th e  
f i r s t  two d e r iv a t iv e s  were p rep a red  by g lu ta ra ld e h y d e -a c t iv a t io n  
and HIsCDA-substitution. The t h i r d  d e r iv a t iv e  was p re p a re d  by 
d ie  thylad ip im i date -a c t iv a t io n  and (a ) A dip ic  a c id  d ih y d ra z id e -  
s u b s t i t u t i o n  ; (b ) IHviDA-subst i t u t i o n .




< s ' * ,
r * "  ;4^' A .
V\ | j j  
■ , ; | ; i  
M i
















F ig  44 ♦ E f f e c t  o f  con tin u o u s serum assay s  upon th e  combined 
a c t i v i t y  o f n y lo n -tu b e  im m obilised  d e r iv a t iv e s  o f g lucose  o x id a se , 
c a ta la s e  and aldehyde dehydrogenase in  s e r i e s .
#  Combined a c t i v i t y  im m ediate ly  a f t e r  p re p a ra t io n  
@ A fte r  810 serum a ssa y s  
□ A f te r  1 440 serum a s sa y s  
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"bore aldehyde dehydrogenase tu b e . In  each case  2-10 mlvl-glucose sam ples 
were an a ly sed  at a sam pling  r a t e  o f 60 p e r h and th e  a p p ro p r ia te  
s ta n d a rd  curves com piled . The r e s u l t s  o f th e se  experim ents and th e  
re c o rd e r  t r a c e s  a re  shomi in  P ig s  .'42 '■ and 43a-lD and in d ic a te  th a t  
g lu c o se  c o n c e n tra tio n s  as low as 2 ml'î may he an a ly sed  a t  sam pling  
r a t e s  o f 60 p e r h ,
how ever; th e  peak geom etries  o b ta in e d  w ith  a d ih y d ra z id e -  
s u b s t i tu t e d  aldehyde dehydrogenase tu b e  e x h ib ite d  l e s s ' c a r ry  over th a n  
th o se  o b ta in ed  u s in g  a co rresp o n d in g  d ia m in e -s u b s ti tu te d  d e r iv a t iv e .  
T h is d if f e re n c e  in  th e  a d s o rp tiv e  c h a ra c te r  of th e  two d e r iv a t iv e s  
can be r a t i o n a l i s e d  a lo n g  th e  l in e s  u sed  in  s e c tio n  4#1*9 to  ex p la in  
t h e i r  d i f f e r e n t  beh av io u r to  p ro te in  ad so rp tio n *  This o b se rv a tio n  
su g g e s ts  th a t  a lth o u g h  th e  d ih y d ra z id e - s u b s t i tu te d  n y lo n -tu b e s  d is p la y  
le s s  a c t i v i t y  th an  d ia m in e -s u b s ti tu te d  d e r iv a t iv e s ,  th e  ^operational 
perform ance may be s u p e r io r  in  a u to a n a ly s is .
The o p e ra t io n a l  s t a b i l i t y  o f th e  system  was in v e s t ig a te d  in  th e  
fo llo w in g  manner. 2 m le n g th s  o f th e  th r e e  d e r iv a t iv e s  were in s e r te d  
in to  th e  flow  system  d e sc r ib e d  in  P ig  13 and a s ta n d a rd  curve f o r  
g lu co se  com piled by th e  a n a ly s is  o f 2-10 mM-glucose sam ples as 
d e sc r ib e d 'a b o v e . Serum sam ples were th en  assayed a t  a  r a t e  o f 60 p e r h 
f o r  a p e r io d  o f 36 h . At in t e r v a l s ,  f u r th e r  s ta n d a rd  cu rves were 
com piled  in  o rd e r to  m on ito r th e  combined a c t i v i t y  o f th e  th re e  
d e r iv a t iv e s * • The r e s u l t s  o f th e se  experim ents a re  shown in  F ig  44 and 
in d ic a te  th a t  a lth o u g h  th e  combined a c t i v i t y  o f th e  th r e e  d e r iv a t iv e s  
d e c re a se d  by 33^ over 2 200 serum a s sa y s , s u f f i c i e n t  a c t i v i t y  rem ained 
to  ensu re  th e  s e n s i t i v i t y  o f f u r th e r  serum g lucose d e te rm in a tio n s . 
T h e re fo re  t h i s  assay  p ro to c o l f o r  th e  d e te rm in a tio n  o f g lu co se  i s  
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P or e v e ry 'mole o f g lu co se  co n v erted  t o j-g luconolactone in  th e ' ' '
p re sen ce  o f g lu co se  o x id a se , one mole o f exygen i s  u t i l i s e d  and one 
mole o f HgOg produced. P rev ious a ssay  p rocedures f o r  th e  determ in­
a t io n  of g lu co se  have in v o lv ed  t h e ‘m o n ito rin g  o f HgOp# However,
Cam pbell e t a l  have d e sc r ib e d  a  system  f o r  th e  a u to a n a ly t io a l  
d e te rm in a tio n  o f g lu co se  where th e  oxygen u ti l is e d  by a n y lo n -tu b e  
im m obilised  g lu co se  ox idase  d e r iv a t iv e  i s  measured u sin g  a  flow ­
th ro u g h  o x y g e n .e le c tro d e . This a ssay  system  can le a d  to  e r ro r s  in  
g lu c o se  e s tim a tio n  owing to  th e  p resen ce  of c a ta la s e ,  endogenous to  
e ry th ro c y te  c e l l s  ( 22 ) ,  The p a r t i a l  co n v ers io n  o f to  oxygen '
r e a l i s e d  in  t h i s  manner, r e s u l t s  in  an oxygen ; g lu co se  s to ic h io m e try  
o f le s s  th an  one. However, th e  u se  o f g lucose  ox idase  in  c o n ju n c tio n  
w ith  excess c a ta la s e  has been shown to  com plete ly  remove t h i s  source  
o f e r r o r  by red u c in g  th e  oxygen : g lu co se  s to ic h io m e try  from 1 : 1 to  
,0#5:.10 ( '22 ) .  I t  has been p re v io u s ly  shown in  s e c tio n  $ .1 .2  th a t  th e
c a ta l i t lc  a c t i v i t y  a s s o c ia te d  w ith  a  n y lo n -tu b e  co -im m obilised  g lu co se  
' ■
o x id ase  and c a ta la s e  d e r iv a t iv e  i s  in  excess of th e  im m obilised  g lu co se
o x id ase  a c t i v i t y .  This su g g es ts  th a t  th e  d e r iv a t iv e  may be used  f o r
th e  d e te rm in a tio n  o f g lu co se  u s in g  a flow -through oxygen e le c tro d e .
T his was in v e s t ig a te d  in  th e  fo llo w in g  manner.
A 3  m length  of M H A -su b s titu te d / 1 mm-bore n y lo n -tu b e  oo-im m O bilised
g lu c o se  ox idase  and c a ta la s e  d e r iv a t iv e  was p rep ared  as d esc rib e d '
p re v io u s ly . The enzyme co u p lin g  s o lu t io n  com prised 2 mg ml '^^ c a ta la s e  
-1and 1 mg ml g lu co se  ox id ase  in  0 .2  M -phosphate, pll 7 ,8 .  A g lucose  
s ta n d a rd  curve was com piled by th e  in s e r t io n  o f the d e r iv a t iv e  in to  
th e  flow  system  d e sc r ib e d  in  F ig  1$, and the a n a ly s is  o f 2-10mM-glucose 
sam ples a t  a  sam pling r a t e  o f 60 p e r h as d e sc rib e d  in  s e c t io n  3 .6 .1 1 .
8 »
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F ig  45 , s ta n d a rd  curve f o r  th e  e s t im a t io n  o f g lu co se  u s in g  
a  GOB/GAT d e r iv a t iv e  in  c o n ju n c tio n  w ith  a  f lo w -th ro u g h  oxygen 
e l e c t r o d e •
F ig  46 o E f f e c t  o f  10 000 aqueous g lucose ' a ssay s  upon th e  
a c t i v i t y  o f  a  GOI)/CAT d e r iv a t iv e  when used  i n  c o n ju n c tio n  w ith  
a f lo w -th ro u g h  oxygen e le c tro d e *
O Combined a c t i v i t y  im m ed ia te ly  a f t e r  p re p a ra t io n  
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F ig  47 , R ecorder t r a c e  o b ta in e d  from th e  d e te rm in a tio n  o f 
2-10 mlvl-glucose a t  a  sam pling  r a t e  o f  60 p e r h  u s in g  a  GOD/CAT 














ÏThe r e s u l t s  of t h i s  experim ent a re  shown in  F ig  45 nnà in d ic a te  th a t  
th e  a ssay  system  e x h ib i ts  s u f f i c i e n t  s e n s i t i v i t y  fo r  th e  a c c u ra te  
d e te rm in a tio n  of g lu co se  c o n c e n tra tio n s  a,s low as 1 n # *
A ty p ic a l  re c o rd e r  t r a c e  o b ta in ed  b y  th e  a n a ly s is  of d u p lic a te  
sam ples o f 2-10 mM-glucose a t  a  sam pling  r a t e  of 60 p e r h i s  shown in  • 
F ig  47* This r e s u l t  in d ic a te s  th e  absence of any marked a n a ly t ic a l  
e r r o r s  due to  c ro s s -c o n ta m in a tio n  o f sam ples in  th e  flow  stream  o f th e  
analyser when gluooso is  assayed a t  th is  sampling r a t e .
T)'),n I l i a b i l i t y  o f th.o G Of)/ CAT in.ibo 'iindor opo:r/vi:lovml c o n d itio n s  
was examined in  th e  fo llo w in g  manner. A sta n d a rd  curve f o r  g lucose  
was f i r s t  com piled in  th e  manner d e s c r ib e d  above. G lucose sam ples were 
th e n  assay ed  a t  sam pling  r a te s  o f 60 p e r h fo r  a p e r io d  o f one week 
d u rin g  which tim e over 10 0 0 0  co n tinuous assay s  were perfo rm ed . A 
fu r th e r ,  s ta n d a rd  cu rve was th e n  com piled in  th e  manner d e sc r ib e d  
above. The r e s u l t s  o f t h i s  experiment are shown in  F ig  46 and 
in d ic a te  th a t  only  a  10/> lo o s  in  a c t i v i t y  occu rred  o v e r  t h i s  p e r io d . 
T h is in d ic a te s  th a t  a  OOf/CAT d e r iv a t iv e  ma,y be used  f o r  over 10 00 0  
g lu c o se  assays by t h i s  method.
Thus ; d e te rm in a tio n  o f  g lucose  u s in g  a n y lo n -tu b e  co -im m obilised  
d e r iv a t iv e  of g lucose  ox id ase  and c a ta la s e  in  co n ju n c tio n  w ith  a 
f lo w -th ro u g h  oxygen e le c tro d e  meets th e  s tan d a rd s  of s e n s i t i v i t y ,  
s t a b i l i t y ,  and speed o f o p e ra tio n  t h a t  a re  re q u ire d  f o r  c l i n i c a l  
a n a ly t i c a l  system s.
s ,f
I
SUI31ARY OF CIIAPTFR 5
Four d i f f e r e n t  a s sa y  p ro to c o ls  f o r  th e  d e te rm in a tio n  o f g lucose  
have been d e sc r ib e d . A ll invo lv ed  th e  prim ary enzymic r e a c t io n  o f 
g lu c o se  o x id a se . The f i r s t  two system s in c o rp o ra te d  s e p a ra te ly  
im m obilised  d e r iv a t iv e s  and coim m obilised  d e r iv a t iv e s  o f g lu co sei
oxidasG and c a ta la s e  r e s p e c t iv e ly .  These system s were .found to  ivi;
e x l i ib i t  th e  n e c e ssa ry  s e n s i t i v i t y ,  s t a b i l i t y  and speed o f ,o p e ra t io n
re q u ire d  o f c l i n i c a l  a u to a n a ly t io a l  sy stem s. Hovrever, DFjS-
th e s e  reaso n s  th e y  were reg a rd ed  as u n s u i ta b le  f o r  in c o rp o ra tio n  in to  
a n a l y t i c a l  sy stem s.
The th i r d  method f o r  th e  e s tim a tio n  o f g lucose  lin k e d  th e  perox i-
a d ip im id a te  a c t iv a t io n  o f a  H flD A -substitu ted  2 mm bore n y lo n - tu b e .
# 1
a lk y la t io n  o f n y lo n -tu b e s  produced d e r iv a t iv e s  th a t  e x h ib ite d  le s s  
a c t i v i t y  th an  th e  co rresp o n d in g  TOTFB-allqylated d e r iv a t iv e s  and were ,
n o t cap ab le  o f a n a ly s in g  g lu co se  sam ples a t  th e  re q u ire d  r a t e .  For ' y'i|| ■
d a t ic  a c t i v i t y  of c a ta la s e  to  a system  th a t  could  be m onito red  s p e c tr o -  \  .^.)h .
p h o to m e tr ic a lly  a t  340 nm. T his was ach iev ed  by means of th e  ' -I ' \
a d d i t io n  to  th e  system  o f a  le n g th  of n y lo n -tu b e  im m obilised  aldehyde , mjs
dehydrogenase . The most a c t iv e  d e r iv a t iv e  o f th e  l a t t e r  enzyme in v o lv ed  " c
IV
Glutaraldehyde a c t iv a t io n  in  t h i s  in s ta n c e  produced an enzyme d e r iv a t iv e  ; j L
d is p la y in g  87^ le s s  a c t i v i t y .  The assay  system  was cap a b le  o f o p e ra t in g  ‘ •.d' r
a t  sam pling  r a te s  o f  60 p e r h . A 33^t d ec re a se  in  th e  combined a c t i v i t y  ' h " , B.wil - Iof n y lo n -tu b e  im m obilised  d e r iv a t iv e s  o f g lu co se  o x id a se , c a ta la s e  ” 11 k
■■■- ' ' i  r
aj.id aldehyde dehydrogenase o ccu rred  over 2 200 con tinuous serum assay s  
a lth o u g h  adequate  combined a c t i v i t y  rem ained to  ensu re  th e  s e n s i t i v i t y  y  ■•p
o f f u r th e r  a s s a y s .
The f i n a l  a ssay  p ro to c o l f o r  th e  d e te rm in a tio n  o f g lu co se  in v o lv ed  
a  n y lo n -tu b e  co -im m ob ilised  g lu co se  o x id ase  and c a ta la s e  d e r iv a t iv e  
in  which th e  c a ta la s e  m oiety was used  in  a c a t a l a t i o  m anner. This 
s o - c a l l e d  ’'R e a g e n tle ss” a ssay  system  depended upon m o n ito rin g  
d e p le t io n  o f d is so lv e d  oxygen by a  f lo w -th ro u g h  oxygen e le c tro d e .  I t  
was observed  to  d is p la y  th e  n e c e ssa ry  s e n s i t i v i t y ,  s t a b i l i t y  and speed 














A Prepar£i.tion and P ro p e r t ie s  o f l'Tylon-Tube Im m obilised Itizymes
The d a ta  p re se n te d  in  t h i s  th e s i s  has c o n s is te n t ly  dem onstra ted  
t h a t  th e  TO TPB-alkylation of n y lo n -tu b e s  produces more a c t iv e  immob­
i l i s e d  d e r iv a t iv e s  th a n  th o se  o b ta in ed  by D M S-alkylation. I t  seems 
l i k e l y  t h a t  t h i s  i s  due to  th e  g r e a te r  y ie ld  o f secondary  im id a tes  
on th e  ny lon  produced by th e  form er re a g e n t.  W hereas DM8 only r e a c ts  . 
w ith  .nylon a t  100^0, th e  a lk y la t io n  r e a c t io n  o f TOTPB proceeds a t  
room te m p e ra tu re . The m arkedly d i f f e r e n t  r e a c tio n  c o n d itio n s  w i l l  
a f f e c t  secondary  irn id a te  fo rm atio n , as th e  l a t t e r  have been re p o r te d  
to  be most s e n s i t iv e  to  h y d ro ly s is  a t  e le v a te d  te m p era tu res  ( 49 ) * " .As 
DMS a d k y la tio n  o f ny lon  i s  perform ed a t  100°G, th e  p resen ce  o f any 
w a te r  w i l l  a d v e rse ly  a f f e c t  th e  secondary  im id a tes  form ed. Thus u se  
o f  TOTPB a t  room te m p era tu re  shou ld  m inim ise any p roduct h y d ro ly s is .
I t  i s  a ls o  p o s s ib le  th a t  th e  DKS may a d v e rse ly  a f f e c t  th e  re a c t io n  
d u e" to  a so lv e n t e f f e c t  upon th e  n y lo n . I t  has been observed  ... 
p re v io u s ly  th a t  DMS- a lk y la t i o n  o f n y lo n -tu b e  can cause  b lockages in  
th e  tu b e s  due to  p r e c ip i t a t io n  o f ny lon  d u rin g  th e  r e a c t io n  p rocess ( 48 )
Thus a  s i t u a t io n  might a r i s e  whereby secondary  irn id a te  fo rm atio n  i s  '
f.h in d e red  by th e  s o l u b i l i t y  o f th e  ny lon  in  DMiS,
A lthough TO TPB-alkylation has been shown to  be a f a r  s u p e r io r  
method fo r  ny lon  a c t iv a t io n  th a n  D M S-allcylation, problem s s t i l l  a r i s e  
over i t s  u s e . Not on ly  i s  TOTPB d i f f i c u l t  to  o b ta in  com m ercially , 
b u t a ls o  i t  has l im ite d  s to ra g e  s t a b i l i t y .  The u se  o f a l t e r n a t iv e  
re a g e n ts  may overcome th e se  problem s. For example, p - to lu e h e  su lp h o n y l 
c h lo r id e  can co n v ert secondary  amides to  im idoyl c h lo r id e s  (F ig  48) ,
T his su g g es ts  th a t  i t  may be o f u se  in  th e  g e n e ra tio n  o f im idoyl 
c h lo r id e  fu n c tio n s  on th e  s u r fa c e  o f a n y lo n -tu b e . These could  then  
be r e a c te d  w ith  d iam ines o r a c id  d ih y d ra z id e s , in  a  s im i la r  manner to  
im id a te s ,  to  form am id ines and am idrazones r e s p e c t iv e ly .  A c tiv a tio n  . '
i d
in  t h i s  manner may th e r e f o r e  overcome problem s a s s o c ia te d  w ith  TOTPB 
a c t iv a t io n  o f n y lo n - tu b e .
•V
p .to lu e n e  su lphonyl— 5»-ch lo r id e
0 =  8 =  0
.{4
■ 0 - M -lCl
P ig  48* A c tiv a tio n  o f Secondary Amides u s in g  n-Toluene S ulphonyl
C h lo rid e
A lthough c h ta la s e  v:as found to  be in a c t iv e  when bound 
d i r e c t l y  onto th e  0 -a lk y lu ted  n y lo n -tu b e , a c t i v i t y  was r e ta in e d  by 
s u b s t i tu t io n  of tho  n y lon  w ith  such compounds as d iam ines, a c id  
d ih y d ra z id e s , and i n e r t  p r o te in .  A lthough in  t h i s  th e s i s  th e  ty p é s  
.o f  sp a c e r  compounds employed in  th e  p re p a ra t io n  .of im m obilised  enzymes 
have beon r e l a t i v e l y  few in  number, a g re a t  v a r ie ty  o f d i f f e r e n t  com- - 
pounds can be employed as sp a c e rs  in  a  s im i la r  m anner. F or example, 
u se  o f 4 ,4 '-m e th y le n e d ia n i l in e  as a sp a c e r  would in tro d u c e  a r y l  amino 
groups in to  th e  su p p o rt ; u se  o f g ly c in e  o r g lu tam ic  a c id  would r e s u l t  
in  ca rb o x y l group in t ro d u c t io n  ; and u se  o f cysteam inc :;ould in tro d u c e  
t h i o l  groups in to  th o  support. This f l e x i b i l i t y  o f support ch em is try  
may be o f  b e n e f i t  when c o n s id e r in g  th e  i n s o lu b i l i s a t io n  o f d i f f e r e n t  
enzymes. One s o t  o f im m o b ilisa tio n  c o n d itio n s  s u i ta b le  fo r  one 
p a r t i c u l a r  enzyme may n o t bo a p p l ic a b le  to  a n o th e r , and th e re fo re  a  
v a r i e ty  o f su p p o rt c h e m is tr ie s  may be needed ,
4 ,4  *Methyle ned ia n i l in e
o
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P ig  49 . A lte rn a t iv e  S u b s t i tu t io n s  o f N y lo n -tu b e .
Of th e  sp a c e rs  examined in  t h i s  t h e s i s ,  diam ines c o n s is te n t ly  
bound more p ro te in  th a n  a c id  d ih y d ra z id e s .  However, th e  sm a lle r  
amounts o f bound p r o te in  a s s o c ia te d  w ith  th e  h y d ra z id e - s u b s t i tu te d  
n y lo n - tu b e s  may on ly  be due to  th e  r e l a t i v e  i n s o l u b i l i t y  o f th e  
l a t t e r  compounds in  th e  o rg an ic  s o lv e n ts  u sed  in  th e  s u b s t i tu t io n  
r e a c t io n  th e  l im ite d  q u a n t i ty  o f  a c id  d ih y d ra z id e s  p ro f fe re d  to  th e  
a c t iv a t e d  n y lo n -tu b e  may a f f e c t  th e  e x te n t o f th e  s u b s t i tu t io n  r e a c t io n .  
A nother e f f e c t  c o n t r ib u t in g  to  th e  low er bound p ro te in  c o n te n t o f  th e s e  
d e r iv a t iv e s  w i l l  be th e  absence o f any adso rbed  p r o te in .  D ih y d raz id e - 
s u b s t i tu t e d  n y lo n -tu b e  im m obilised  enzymes have been shown to  be f a r  
’ c l e a n e r ’ d e r iv a t iv e s  th a n  th e  co rresp o n d in g  d ia m in e -s u b s ti tu te d  
d e r iv a t iv e s  owing to  th e  la c k  o f  th e  p o s i t iv e  charge a s s o c ia te d  w ith  
th e  am idine lin lc  which cau ses  th e  a d s o rp tio n  o f b o th  p r o te in  and 
coenzymes onto th e  su p p o rt in  th e  c a se  o f a m in e -s u b s t itu te d  nylon 
tu b e s .  T h ere fo re , !'in term s o f a p p l ic a t io n s ,  h y d ra z id e - s u b s t i tu te d  
d e r iv a t iv e s  may be s u p e r io r  to  th e  co rresp o n d in g  d ia m in e -s u b s ti tu te d
1
a
tu b e s  i f  th e  s o lu b i l i t y  o f d ih y d ra z id e s  can be in c re a s e d  by cho ice  
o f an a l t e r n a t iv e  o rg an ic  s o lv e n t .  For example, in  th e  f i e l d  o f 
a u to a n a ly s is ,  th e  o p e ra t io n a l  r a t e  o f any system  i s  a d v e rse ly  
a f f e c te d  by n o n -s p e c if ic  a d s o rp tio n . Use of h y d ra z id e - s u b s t i tu te d  
enzyme tu b es  may allow  th e  o p e ra tin g  r a t e s  to  be in c re a se d  by 
d e c re a s in g  sample c ro ss -co n tam in a tio n *  H y d ra z id e -s u b s ti tu te d  su p p o rts  
.may a ls o  be u s e fu l  in  th e  f i e l d  o f s o l id  phase immunology. VIhen 
c o n s id e r in g  th e  im m o b ilisa tio n  o f  a n t ib o d ie s  to  a  su p p o rt f o r  use 
in  immunoassays, th e  im m obilised  d e r iv a t iv e  must n o t cause non- 
s p e c i f i c  a d so rp tio n  o f p ro te in s  o th e rw ise  s e r io u s  e r ro r s  may a r i s e .
For th e s e  reaso n s d ia m in e -s u b s ti tu te d  su p p o rts  a re  c l e a r ly  u n s u i ta b le  
w hereas d ih y d ra z id e - s u b s t i tu te d  su p p o rts  may be o f u s e .
The th i r d  s ta g e  o f th e  im m o b ilisa tio n  of enzymes to  n y lo n -tu b e  
i s  th e  a c t iv a t io n  o f th e  s u b s t i tu t e d  ny lon -tube*  The m a jo r ity  of 
im m obilised  d e r iv a t iv e s  examined in  t h i s  th e s i s  were p rep a red  by 
e i t h e r  g lu ta ra ld e liy d e -  or d ie tl iy la d ip im id a te -a o t iv a t  io n  o f th e  
s u p p o r t .  I t  has been shown th a t  u se  o f th e  l a t t e r  re a g e n t in  p la ce  
o f  g lu ta ra ld e h y d e  g e n e ra l ly  r e s u l t s  in  an in c re a se  in  im m obilised  
enzyme a c t i v i t y .  In  th e  ca se  o f c a ta la s e ,  t h i s  in c re a s e  was only 6^ , 
w hereas a  s e v e n -fo ld  in c re a s e  was o b ta in ed  for  im m obilised  aldehyde 
dehydrogenase. Thus th e  u se  o f g lu ta ra ld e h y d e  in  th e  im m o b ilisa tio n  
o f a ldehyde dehydrogenase a d v e rse ly  a f f e c t s  th e  a c t i v i t y  o f th e  
r e s u l t i n g  d e r iv a t iv e .  This may be caused  by e i th e r  i t s  n o n - s p e c i f ic i ty  
o r th e  chem ical bonds form ed. In  th e  form er c a se , n o n - s p e c i f ic i ty  
o f th e  reag e n t may u n n e c c e s s a r i ly  in v o lv e  am ino-acids th a t  a re  
e s s e n t i a l  f o r  th e  c a t a l y t i c  a c t i v i t y  o f th e  enzyme. In  th e  l a t t e r  case  
th e  rem oval of th e  p o s i t iv e  charge o f a p ro to n a ted  amine group in v o lv ed  
in  r e a c t io n  w ith  g lu ta ra ld e h y d e  may cause th e  d e a c tiv a tio n  o f th e  




p o s i t i v e  charge when r e a c t in g  w ith  such  a  group and th e r e f o r e  may 
p re s e rv e  th e  enzymic a c t i v i t y  by m a in ta in in g  th e  charge b a lan ce  of 
th e  enzyme m o le c u le .(F ig
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P i g 5 0 . The Im m o b ilisa tio n  o f .hnzr/mes u s in g  G lu ta ra ld eh y d e  and
D ie th y la d ip im id a te .
The marked d if f e re n c e s  e x h ib ite d  by c a ta la s e  and aldehyde 
dehydrogenase in  t h e i r  s u s c e p t i b i l i t y  to  g lu ta ra ld e h y d e  h ig h l ig h ts  
th e  need  f o r  d iv e rs e  c h e m is tr ie s  f o r  th e  im m o b ilisa tio n  o f d i f f e r e n t  
enzym es.
The r e a c t iv a t io n  o f th e  s u b s t i tu t e d  su p p o rt f o r  th o  a ttachm en t 
o f enzymes i s  n o t l im ite d  to  th e  two re a g e n ts  d is c u s se d  so f a r .  There 
e x i s t s  a p le th o ra  o f ways in  which such r e a c t iv a t io n  may be ach iev ed . 
For exam ple, d ie th y la d ip im id a te  i s  j u s t  one o f a  la rg e  number of 
b i s - im id a t e s , The, u se  o f lo n g e r c h a in  b is - im id a te s  w i l l  r e s u l t  in  . 
in c re a s e s  in  th e  d isp laccm eh t d is ta n c e  of enzymes from th e  su p p o rt, 
and t h i s  may cause f u r th e r  in c re a s e s  in  th e  r e te n t io n  o f im m obilized 
a c t i v i t y .  A lte rn a t iv e ly ,  such  compounds as d ibrom oacetone, d i i s o t h io -  
c y a n a te  o r t r i c h l o r o - s - t r i a z i n e  may be s u i ta b le  fo r  u se  in  th e  a t ta c h ­
ment o f  enzymes to  d iam in e- and d ih y d ra z id e - s u b s t i tu te d  s u p p o r ts . As
p re v io u s ly  d isc u sse d , s u b s t i tu t io n  o f ny lon  i s  no t l im ite d  to  th e se  
two ty p e s  o f compounds, and th e re fo r e  a l t e r n a t iv e  a c t iv a t io n  pro­
cedures may be n e c e ssa ry . For example, a g lu tam ic  a c id -  or 
g ly c in e - s u b s t i tu te d  su p p o rt 'cou ld  be r e a c t iv a te d  th rough  th e  
c a rb o x y l, group by c a rb o d iim id e s . A lte rn a t iv e ly  such s u b s t i tu t io n s  
as a c id  d ih y d raz id es  o r a ro m atic  compounds c o n ta in in g  para-am ino 
fu n c tio n s  cou ld  be a c t iv a te d  f o r  enzyme a ttachm en t by th e  g e n e ra tio n  
o f a c id  ’az id es  o r diazonium  s a l t s  r e s p e c t iv e ly  w ith  ic e - c o ld  n i t ro u s  
a c id ,  in  so doing  avoid ing th e  u se  o f an extra  b ifu n c t io n a l  re a g e n t.
These examples se rv e  to  in d ic a te  th e  d iv e r s i ty  of methods a v a i la b le  
f o r ' t h e  a c t iv a t io n  o f s u b s t i tu t e d  s u p p o r ts .
Any d is c u s s io n  o f im m o b ilisa tio n  tech n iq u es  shou ld  a ls o  
in c lu d e  th e  p o s s ib le  p resen ce  o f d i f f u s io n a l  e f f e c t s .  A lthough in  
s o lu t io n ,  d if fu s io n  occurs so r a p id ly  th a t  only a few re a c t io n s  a re  
f a s t  enough to  be r e s t r i c t e d  by i t ,  th e  re v e rs e  i s  though t to  be 
t r u e  f o r  many heterogeneous c a t a ly s t s  where only  v e ry  slow  enzymic 
r e a c t io n s  may escape d i f f u s io n a l  r e s t r i c t i o n s  ( 64) .  C a ta la se  i s  an 
enzyme w ith  a  h igh  tu rn o v e r  number and i t s  r e a c tio n  r a t e  may be 
c o n s id e re d  l i k e ly  to  be l im ite d  by d i f f u s io n  in  an im m obilised  form .
I t  has been shown t h a t  im m o b ilisa tio n  o f la rg e r  q u a n t i t i e s  o f c a ta la s e  
upon n y lo n -tu b es  does n o t in c re a s e  th e  o v e ra l l  tube  a c t i v i t y ,  bu t 
appea rs  to  in c re a se  th e  s t a b i l i t y  o f  th e  enzyme to  in a c tiv a /b io n  by 
HgOg" The form er e f f e c t  has p re v io u s ly  been d isc u sse d  w ith  re g a rd  to  
overcrow ding o f enzyme m olecules and th e  f i n i t e  number o f binding s i t e s  
lo c a te d  on th e  su rface , of th e  n y lo n - tu b e . However, bo th  e f f e c t s  can 
a ls o  be ex p la in ed  by th e  p resence  o f d i f f u s io n a l  r e s t r i c t i o n s .  S e v e ra l 
im m obilised  enzymes have been re p o r te d  to  be under d i f f u s io n a l  c o n t ro l .
For exam ple, th e  r e a c t io n  c a ta ly s e d  by n y lo n -tu b e  im m obilised  a sp a ra g in a se  





i Mand l o w  s u b s t r a te  c o n c e n tra tio n s  ( 65) .  Two d i f f e r e n t  ty p e s  o f YHi " - ' f #
d i f f u s io n a l  r e s t r i c t i o n s  have been re p o r te d  fo r  im m obilised  
enzymes ( 66) .  Pilm  d if fu s io n  occurs when s u b s t r a te  m olecule in  th e  
b u lk  s o lu t io n  have to  d i f f u s e  th ro u g h  th e  q u a s i N ern st d i f fu s io n  
la y e r  to  reac h  th e  c a t a l y t i c  s u r f a c e .  Pore d if fu s io n  occurs when 
th e  s u b s t r a te  a t  th e  s u r fa c e  of th e  su p p o rt has to  d i f f u s e  in to  th e  
su p p o rt in  o rd er to  approach th e  enzyme. In  th e  case  of n y lo n -tu b e  
im m obilised  enzymes p rep a red  by 0- a lk y l  a t  ion  of th e  n y lo n , th e  b‘;|
e x te n t o f t h i s  l a t t e r  ty p e  of d i f fu s io n  i s  tiiought to  be minimal ' M :;i'
o w i n g  to  th e  im m o b ilisa tio n  ch em is try  employed. This i s  though t to  ..jj
im m obilise  th e  m a jo r ity  of enzyme upon th e  su rfa c e  o f th e  n y lo n . , r
However, f ilm  d if fu s io n  has been sho rn  to  be p re se n t in  open tu b u la r  v ' - - |
heterogeneous r e a c to r s  a t  flow  r a te s  s im i la r  to  th o se  employed in  .
.  '  ‘ i
t h i s  work fo r  th e  d e te rm in a tio n  o f th e  s t a b i l i t y  o f  n y lo n -tu b e  ' ■! ; |
vi!im m obilised  c a t a la s  e d e r iv a t iv e s  (3 4 ,3 5 )*  I JvJ
The p resence  o f d i f f u s io n a l  r e s t r i c t i o n s  upon th e  r a t e  of . r: J
co n v e rs io n  o f HgOp by im m obilised  o a ta la s e  could  e x p la in  b o th  th e  ' î|
absence o f in c re a se d  a c t i v i t y  and th e  observed s t a b i l i s a t i o n  o f th e  ' •;
' J !d e r iv a t iv e  on in c re a s in g  th e  q u a n t i ty  o f  ca ta la .se  bound to  th e  su p p o rt. ' '|ib
In  th e  p resence  o f d i f f u s io n a l  c o n t ro l ,  in c re a s in g  th e  le v e ls  of 
bound enzyme above a c r i t i c a l  v a lu e  w i l l  n o t be r e f l e c te d  by an
' hin c re a s e  in  th e  im m obilised  enzyme a c t i v i t y .  However, i f  only  a   ^ ,;f|
p e rc e n ta g e  o f th e  a c t iv e  enzyme bound to  th e  su p p o rt was re s p o n s ib le  ;d
f o r  th a t  a c t i v i t y ,  0, s i t u a t io n  m ight a r i s e  where any enzyme m olecules
re n d e re d  in a c t iv e  co u ld  be im m ediately  re p la c e d  by enzymes h i th e r to  Vi
;|
u n in v o lv ed  in  th e  o v e ra l l  r e a c t io n  r a t e .  This behav iou r might a lso  ' .j;
- ■ ■' H ie x p la in  th e  unusual in a c t iv a t io n  p a t te r n  e x h ib ite d  by im m obilised  .V;|
o a ta la s e  d e r iv a t iv e s .  In  th e  s i t u a t io n  envisaged  above, o a ta la s e  >V;|
tu b e s  cou ld  be expected  to  show s t a b i l i t y  u n t i l  a l l  o f th e  a c t iv e  
im m obilised  enzyme is  in v o lv ed  in  th e  enzymic r e a c t io n .  At t h i s  
p o in t ,  th e  im m obilised a c t i v i t y  w i l l  d ec re ase  r a p id ly  owing to  
as when a l l  th e  a c t iv e  im m obilised  enzyme i s  p a r t i c ip a t in g  in  th e  
r e a c t io n ,  t h e r e 'w i l l  be no p o s s i b i l i t y  o f rep lacem ent o f in a c t iv e  
enzyme. T h erefo re  t h i s  h y p o th e sis  might e x p la in  th e  experim entally- 
o b ta in e d  tim e-oourse of d e a c t iv a t io n  o f n y lo n -tu b e  im m obilised  
o a ta la s e .
The i n s t a b i l i t y  o f im m obilised  o a ta la s e  in  th e  p resence  of 
HgOg i s  thou g h t to b e -due to  th e  fo rm atio n  o f an in a c t iv e  HpOp -  
o a ta la s e  com plex. This may be a  form of e i th e r  (or bo th ) o f th e  s o -  
o a l le d  Compounds 2 o r 3 th a t  a re  knoi-m to  be formed by th e  so lu b le  
enzyme in  th e  p resence  o f  excess HpOg ( 23) .  S e v e ra l o th e r  s i m i l a r i t i e s  
in  th e  b ehav iou r o f th e  so lu b le  and im m obilised  enzymes have been 
observed  : 1) Each d is p la y s  c o m p e titiv e  p e ro x id a tic  and c a t a l a t i c
a c t i v i t i e s  2 )  In each case  th e  maximum r a te  o f p e ro x id a tic  a c t i v i t y  
i s  ach iev ed  in  th e  p resen ce  o f 2 ,5  K-m ethanol ; 3) bo th  lo s e  a c t i v i t y
in  th e 'p re s e n c e  o f and a re  more s ta b l e  in  i t s  absence 4 ) Both
e x h ib i t  'pH op tim a ' around n e u t r a l i t y  (a lth o u g h  th e  pH dependence 
o f th e  im m obilised enzyme i s  re d u c e d ), ■ The a b i l i t y  o f th e  immob­
i l i s e d  enzyme to  mimic th e  s o lu b le  enzyme in  th i s  manner can im ply 
th e  a b i l i t y  o f th e  im m obilised  o a ta la s e  to  form complexes s im i la r  
to  th e  compounds 2 and 3 o f th e  s o lu b le  enzyme. However, i t  must be 
em phasised th a t  th e  fo rm atio n  o f th e se  compounds by th e  im m obilised  
o a ta la s e  has n o t been proved e x p e rim e n ta lly .
t> 1
B A irboaiialysis u s in g  'Nylon-Tube Im m obilised  Enzymes
The au toan alysie  o f  g lu co se  can be perform ed By enzymio or 
chdm ical m ethods.’ As p re v io u s ly  d is c u s se d , th e  use  o f enzymes in  
m e ta b o li te  a n a ly s is  ach iev es  a h ig h e r  degree  o f assay  s p e c i f i c i t y  ^
th a n  th a t  o b ta in ed  u s in g  chem ical r e a c t io n s .  S ev e ra l assays 
in v o lv in g  s o lu b le  enzymes have been proposed fo r  th e  a n a ly s is  o f 
•g lu co se . The s o -c a l le d  T rin d e r method in v o lv es  th e  link ed  re a c tio n  
o f g lu co se  ox idase  and poroxidn-no ( ? ) ,  w hile  ariobher rntliod i n'vail vmi 
th e  lin k e d  re a c t io n  o f hexokinase and g lu c o se - 6-p h o spjlai,e dehydrog­
enase ( 8 ) .  The former system  has been c r i t i c i s e d  due to  th e  a b i l i t y  
o f p e ro x id a se  to  accep t a number o f compounds as i t s  second su b stra te , 
th u s  in c re a s in g  th e  p o s s i b i l i t y  o f a s sa y  in te r f e r e n c e  from su b stan ces  
such  as a s c o rb ic  a c id  th a t  may be p re s e n t in  blood. At th e  p re se n t 
tim e  th e  g lu co se  o x id a se /p e ro x id a se  method cannot be co n v erted  in to  
an a ssay  system  in v o lv in g  th e  co rresp o n d in g  n y lo n -tu b e  im m obilised  
enzymes owing to  th e  g ro ss  a d so rp tio n  of th e  second s u b s t r a te  f o r  
p e ro x id a se  onto th e  s u r fa c e  o f th e  n y lo n - tu b e . This no t on ly  
d e c re a se s  the s e n s i t i v i t y  of th e  a ssay  b u t reduces i t s  o p e ra t io n a l 
ra te  to  about 20 sam ples per h, a ra te  th a t  i s  com plete ly  unacceptable  
in  an automated a ssa y  f o r  g lu co se  ( 68 , 69) .
The au toan a lysis  of g lu co se  has been suggested  u s in g  nylon-tube  
im m obilised  d e r iv a t iv e s  o f hexok inase  and g lu c o se -6-ph o sp h a te  
dehydrogenase ( 46) .  Two d isad v an tag es  a re  a s s o c ia te d  w ith  t h i s  
system  : 1) use. o f th e  coonzymes HADP and ATP in c re a s e  th e  o p e ra t io n a l  
c o s ts  o f th e  system  and • 2 ) th e  s t a b i l i t y  o f th e  enzyme d e r iv a t iv e s  i s  
poor, on ly  3,500 serum assay s  be in g  perform ed p er d e r iv a t iv e .
Pour system s have been d e sc r ib e d  in  t h i s  th e s i s  f o r  th e  autom ated 
d e te rm in a tio n  o f g lu c o se , and each has been shown to  s a t i s f y  some o f th e  




The f i r s t  system  u t i l i s e d  a n y lo n -tu b e  oo-im raobilised  
d e r iv a t iv e  o f g lucose  ox idase  and o a ta la s e .  W hile th e  c o -  
im m o b ilisa tio n  o f th e se  enzymes e n su re s ’ th e  p resence o f c o n d itio n s  
fa v o r in g  the p erox id a tic  a c t iv i t y  o f o a ta la se , i t  i s  a ls o  p o ss ib le  
t h a t  a  second enhancement of the combined a c t i v i t y  may occur owing 
to  th e c lo se  proxim ity o f each enzyme. Mosbach and M attiasson  
have reported  such an enhancement o f  the combined a c t iv i t y  o f  
h ex o k in ase> a n d .g lu co se—6—phosphate  dehydrogenase co—im m obilised  
to  th e  same su p p o rt ( 67) .
However, rep lacem ent o f in d iv id u a l  iirirnobilinnd en/ymen in  
im p o ss ib le  in  t h i s  nystnm, a n d  lihn s i t u s . ( . i o n  ms; /  r, s i  s n  w h n r s  n n n  
iriiiriobllinsd e n z . y m s  m  Ls ) s n  H , s  s n  t, t v I I,;/ s  r l ,n r  I ho *1 i , l inr | s  
in a o i iv a to d .  Xn ti i ln  s s . n s  l - l i s  s n z ; / f n s  deni v s  l,j vsi.i s u n  Id n s I, h s  
u sed  in  th e  most econom ical fa sh io n . In  ad d ition , t h i s  system cou ld  
n o t be used  fo r  m onitoring o th e r  o x id ase  re a c t io n s  such as u r a te  
o x id a se , where wide d is c re p a n c ie s  e x i s t  in  th e  op tim al pH for  
s to ra g e  and a c t i v i t y  o f o a ta la s e  and u r a te  o x id ase , \
The second assay  system , by in c o rp o ra tin g  s e p a ra te ly  im m obilised  
d e r iv a t iv e s  ,of g lu co se  ox id ase  and o a ta la s e  perm its in d iv id u a l  re­
placement of d e r iv a t iv e s , th u s  in c re a s in g  th e  c o s t - e f f e c t iv e n e s s  
o f th e  system . The s e p a ra t io n  o f  th e  two enzymes onto d iffe r e n t  
nylon-tubes does le a d  to  a  20fo d e c re a se  in  combined a c t i v i t y .  However, 
t h i s  i s  recovered by th e  u se  o f 2 mm bo re  n y lo n -tu b e  im m obilised  
d e r iv a t iv e s  in  p lace o f 1 mm bore n y lo n -tu b e  enzymes.
This assay  system  a llow s th e  com parison of enzyme requ irem en t
\
per a ssa y  fo r  so lu b le  and im m obilised enzyme a n a ly se s . The T rin d er 
method u ses  so lu b le  g lu co se  ox idase  as th e  primary enzyme in  g lu co se  
a n a ly s i s ,  Whereas t h i s  method u ses  16.6 HJ o f g lu co se  ox idase  per 
a s sa y , i t  has been shown th a t  a GOS/cAT d e r iv a t iv e  d is p la y in g  5 .5  IÜ
w
k ; %







of g lu c o se  ox idase  a c t i v i t y  i s  capab le  o f perform ing  a t  l e a s t  10,000 
serum a s s a y s . This em phasises th e  g re a t  c o n se rv a tio n  of enzyme th a t  
i s  ach iev ed  u s in g  n y lo n -tu b e  im m obilised  enzymes in  c l i n i c a l  
a n a l y s i s ,
However, two d isad v an tag es  a re  a s s o c ia te d  w ith  th e  H antzsoh 
r e a c t io n  fo r  th e  measurement o f th e  p e ro x id a tic  a c t i v i t y  of 
o a ta la s e :  1) th e  slow r a t e  o f th e  chem ical r e a c tio n  r e q u ire s  th e
in c lu s io n  in to  th e  flow  system  o f a 30 tu rn  d e lay  c o i l  in  o rd e r to  
allow  c o lo u r  to  develop  and 2 ) s in c e  i t  i s  a ohornioal r e a c t io n ,  
th e  H antzsoh r e a c t io n  may be s u s c e p t ib le  to  in te r f e r e n c e  from 
su b s ta n c e s  p re se n t in  b lo o d . The form er p o in t ren d e rs  bo th  system s 
l e s s  s u i ta b le  fo r  th e  l a t e s t  d esig n s o f a u to a n a ly se r  which a re  be in g  
desig n ed  to  a t t a i n  h ig h  sam pling  r a t e s  and low sample re s id e n c e  
.tim e . The chem ical n a tu re  o f th e  H antzsoh r e a c t io n  makes th e  whole 
a ssa y  system  more s u s c e p t ib le  to  in te r f e r e n c e  and low ers th e  s p e c i f i c i t y  
g a in ed  by th e  u se  of enzymes.
The t h i r d  system , in c o rp o ra te s  s e p a ra te ly  im m obilised 
d e r iv a t iv e s  o f  g lu co se  o x id ase , o a ta la s e  and a ld e h y d e  d e h y d r o g e n a se  
p la c e d  in  s e f i e s .  This assay  d isp la y s  th r e e  advantages over th e  
p rev io u s  system s : 1) g lucose  may be determ ined  sp e o tro p h o to m e tr ic a lly
a t  340 nm, 2) The involvem ent o f im m obilised  aldehyde dehydrogenase 
e l im in a te s  th e  requ irem en t f o r  a 30 tu rn  d e lay  c o i l  in  th e  system , 
making i t  more s u i te d  to  th e  new range  of a u to a n a ly se rs  : 3) The
aldehyde dehydrogenase r e a c t io n  i s  p ro b ab ly  more s p e c i f i c  th an  th e  
chem ical H antzsoh r e a c t io n .
However, t h i s  system  p o sse sse s  o n ly  3 0 /  of th e  s e n s i t i v i t y  
o.xJi,l,bitod by t h e  H antzsoh r e a c t io n  a s s a y s , and d isp la y s  co m p ara tiv e ly  
■j)00i' o p e ra t io n a l  s t a b i l i t y .  W hereas only  2 2 / a c t i v i t y  lo s s  was 
observed  over 1 0 ,0 0 0  serum assay s  by th e  co-im m obilised  GOH/gAT t u b e ,
KOI'
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33/  o f  th e  a c t i v i t y  o f th e  340 nm lin k e d  assay  was l o s t  over 2 ,200 ' | |
! ;
serum a s sa y s . H owever, only  12 HJ o f aldehyde dehydrogenase ware
u sed  to  perform  th e se  a s s a y s . In  th e  s o lu b le  form i t  cou ld  be l-J
' Ï Î
ex p ec ted  th a t  a t  l e a s t  2 IQ o f tn e  enzyme would be re q u ire d  f o r  j
e v e r y  a s s a y .
S e v e ra l p o s s i b i l i t i e s  e x i s t  f o r  th e  improvement o f a g lucose  fl\
i i Î I '"5a s sa y  u s in g  n y lo n -tu b e  im m obilised  d e r iv a t iv e s  o f g lu co se  o x id ase , 11
o a ta la s e  and aldehyde dehydrogenase. A lthough th e  o p e ra t io n a l  •
c o n d itio n s  fa v o r in g  th e  s t a b i l i t y  and combined a c t i v i t y  o f im m obilised  ,.LJ
. I'l
g lu co se  ox idase  and o a ta la s e  d e r iv a t iv e s  have been s tu d ie d  in  some .;i.
d e t a i l ,  no such work has been perform ed w ith  aldehyde dehydrogenase, 
f o r  exam ple, g r e a te r  combined a c t i v i t y  may be ach ieved  by u s in g  v.
lo n g e r le n g th s  of th e  l a t t e r  d e r iv a t iv e .  The requ irem en ts  o f ; ' '
s o lu b le  aldehyde dehydrogenase a re  f a i r l y  complex as i t  i s  an enzyme jj
th a t  r e q u ire s  th i o l s  and i s  a c t iv a te d  by potassium  io n s . This
I :
f u r th e r  su g g es ts  th a t  o p tim is a tio n  of th e  o p e ra t io n a l c o n d itio n s  '
o f th e  im m obilised  enzyme may produce improvements, in  i t s  s t a b i l i t y ' !
and a c t i v i t y ,  A f u r th e r  p o s s i b i l i t y  e x is t in g  fo r  th e  improvement 
o f th e  340 nm lin k e d  g lu co se  a ssay  i s  th e  pu3? i f io a t io n  o f  th e  \ |
a ld e h y d e  d eh yd rogen ase from a d i f f e r e n t  so u rc e . As in  th e  case  of 
fu n g a l o a t a la s e ,  aldehyde dehydrogenase i s o la te d  from a sou rce  such }
as th e  s a c c h a ro ly tic  C lo s t r i d ia  may have improved s t a b i l i t y ,  ■::]
The l a s t  system  d e sc r ib e d  in  t h i s  th e s i s  i s  th e  s o - c a l le d  ;|i
'R e a g e n t le s s *  assay  o f g lu c o se . I t  i s  perhaps th e  most a t t r a c t i v e  fv
method o f th e  fo u r  d isc u sse d  owing to  i t s  extrem e s im p l ic i ty .  The -4
absence o f any requ irem en t f o r  c o lo u r  re a g e n ts  o r coenzymes ensu res 
th e  economic s u p e r io r i ty  o f th e  system . However, f lo w -th r o u g h  oxygen ’ I ' vyl
e le c tro d e s  a re  n o t as y e t  com m ercially  a v a i la b le ,  and t h i s  need f o r  ‘ / J  "
new equipment may mar th e  a t t r a c t iv e n e s s  o f th e  system  a t  th e  p re se n t , ,% .
tim e . I t  i s  to  be hoped th a t  th e  a t t r a c t iv e n e s s  o f , t h e  system  may w e ll
J?''
s t im u la te  th e  com mercial p ro d u c tio n  o f such  a p p a ra tu s .
The system s p re se n te d  in  t h i s  th e s i s  f o r  th e  d e te rm in a tio n  
o f g lu c o se  a l l  in v o lv e  t h e  m o n ito rin g  o f g lu co se  ox idase  a c t i v i t y .
T his i s  ach ieved  by e i th e r  a n a ly s is  f o r  i t s  p ro d u c t, HgOb o r 
d e p le t io n  o f one of i t s  s u b s t r a te s ,  d is s o lv e d  oxygen. T h erefo re  
in  p r in c ip le  every  method d e sc r ib e d  f o r  th e  m on ito rin g  o f th e  
l a t t e r  r e a c t io n  can be a p p lie d  to  any o th e r  m e ta b o lite  a n a ly s is  
th a t  in v o lv es  an ox id ase  as th e  p rim ary  enzymic r e a c t io n .  This 
. group o f an a ly se s  in v o lv es  s e v e ra l  im p o rtan t m e ta b o lite  a ssay s such 
as U ric  Acid (by u r a te  o x id a se ) , E thano l (by a lco h o l ox idase) and 
C h o le s te ro l  (by c h o le s te ro l  o x id a se ) .
This im p lie s  th a t  i f  th e  p rim ary  enzyme can be im m obilised , 
th e  a ssay  p rocedures in v o lv in g  im m obilised  d e r iv a t iv e s  d e sc r ib e d  in  
t h i s  th e s i s  can be u sed  to  m onito r th e  a p p ro p r ia te  enzyme. The 
req u ire m en ts  of any two ox idases a re  o f te n  s l i g h t l y  d i f f e r e n t  and 
th u s  s l i g h t  m o d if ic a tio n s  may be r e q u ire d .  F o r  example, u r a t e  
o x id ase  d i s p l a y s  a pH optimum around pH 8 ,5 , .  U nless t h e  pH of th e  
re a g e n t stream  i s  ch a n g ed  a f t e r  th e  u r a te  ox idase  r e a c t io n ,  immobil­
is e d  fu n g a l w o u ld  be re q u ire d  as th e  b e e f - l iv e r  enzyme w ou ld  not 
e x h i b i t  enough s t a b i l i t y  a t  th a t  pH, In  th e  case  of a lc o h o l o x id a s e ,  
d i f f i c u l t i e s  might be encoun tered  in  t h e  a b i l i t y  o f o a ta la s e  to  u t i l i s e  
e th a n o l as a  s u b s t r a te .  H ow ever, t h i s  may a f fo rd  a means o f e s tim a tin g  
e th a n o l w ith o u t re c o u rse  to  an enzyme tliab in  n o t com m ercially  
a v a i la b le  a t  th e  p re s e n t tim e . The d e te rm in a tio n  of c h o le s te ro l  
sh o u ld  p re se n t no d i f f i c u l t i e s  w ith  c a ta la .se  s t a b i l i t y  o r s p e c i f i c i t y  
b u t w i l l  r e q u ire  th e  p resen ce  oT a  fu rb h n r im m o b ilis e d  enzym e, 
c h o l e s t e r o l  e s t e r a s e .  This system  would th en  be capab le  o f e s tim a tin g  
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with the exception of ^cK-andro8tane-3/3#l"^-diol, which 
stimulated only a weak proliferative response# the remaining 
metabolites elicited responses comparable to that of 
testosterone.
Using the same procedure# testosterone-induced DNA 
synthesis was examined as a potential model for evaluating 
the antiproliferative action of antiandrogens # oestrogens and 
hormone-cytotoxic agents. The potent antiandrogen# cyproterone 
acetate# exhibited a dose-dependent inhibitory effect on the 
testosterone-stimulated response. In chemically-defined organ
pculture, the hormone-cytotoxic agent# Estracyt (estramustine 
phosphate dlÉodium and estramustine phosphate) and its 
derivative# estramustine, were consistently less effective than 
their carrier-hormone# oestradiol-l?^, in suppressing the 
proliferative response to testosterone. However# in serum- 
supplemented medium# these compounds were all equally effective.
A method for the isolation of viable prostatic epithelial 
cells from rat ventral prostate was also established using a
pdiscontinuous Percoll density gradient. The epithelial origin 
of these cells was confirmed by the histochemical demonstration 
of acid phosphatase activity. A preliminary investigation of 
the growth potential of these cells vitro was conducted using 
^^^I-UdR uptake and %-TdR labelling coupled with autoradiography.
The potential value of normal rat ventral prostate In vitro 
as a model for assessing the effects of hormones and 
chemotherapeutic agents on prostatic growth is discussed# with 
particular reference to variations in culture media and 
methodology.
